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OW METAL lifts the costly burden of dead wight 

from industry’s shoulders. And now, new low 
prices make it economically applicable to a wide 
variety of industrial uses. 


Imagine a metal 3 lighter than other light alloy: —less 
than 4 the weight of steel—easy to machine — with 
good strength and durability ! 


Who knows but that this remarkable metal can add 
uew sales appeal to your product, give you valuable 
competitive advantages through lighter weight, greater 
portability, easier handling, lower operating and main- 
tenance costs ? 


Dowmetal ingots are now available in carload lots at 
30c a pound and in ].c.1. lots at 32c. 


Write for further information and prices on forms 
adapted to your product; also for your copy of the 
new Dowmetal Data Book. 


Dowmetal Division 


-THE DOW CHEMICAL COMPANY 
Midland, Michigan 


Take useless dead weight 
out of your products 








NOW You CAN MAKE IT OF DOW METAS! 
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Horse Head 
Uniform Quality Litic 


on the 


George “Washington Bridge 


It was Horse Head Zinc 


galvanizing on the first great 
suspension cables —~ Brooklyn 
Bridge; it 1s Horse Head Zinc 
galvanizing on the newest and 
greatest bridge cables aa, 
George Washington Bridge 


over the Hudson. 


Horse Head Zinc’ s uniform 


quality has stood staunchly 





behind the development of 


these huge projects. 


Specifications 
H ghee ih. for the George Washington Bridge 
orse ea inc ; : 
was. used om “these as furnished by 


The Port of New York Authority. 


bridges, among others : 


ae Brooklyn Bridge Length of Bridge weet hea 4,760 ft. 
Pagel ” as Delaware River Bridge Span ee ee ee ee 3,500 ft. 








PR yove w 250 fe. 
i ae Bridge Feet above water ..... 250 It 
Eee So [o7., Number of Cables...... ee 
= Boge’ Bridge Diameter of each....... . 36 in. 
Ambassador Bridge Nusibetiof wires ix ench. (26,474 


pas ns <esa Weight of Zinc for Galvanizing 


George Washington Bridge 1,700,000 lbs. 


Phe New Jersey Zinc Company 
160 Front Street New York City 
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EDITORIAL COMMENT 


THE JOINING OF METALS AND 
ALLOYS 


F two metallic molecules get close enough to each 
I other, one or both being in the liquid state, they will, 


in general, cohere or adhere tenaciously when the 
liquid freezes. The crystals of a pure metal, forming as 
the melt freezes, build up in regular orientation due to 
strong directive forces of cohesion. If two or more 
metals are concerned, we get alloying through adhesive 
forces. The cases of ‘‘incompatibility’” or immisci- 
bility relatively rare, and even in cases like copper 
and |e.:1, immiscible in certain temperature ranges in 
the liquid state, the frozen metals usually show a con- 
sider: degree of adhesion. 

Even in the solid state, provided the molecules can be 
broug!:! into true metallic contact, the forces of adhesion 
and ‘sion are great. Platinum can be hammer- 
welde’ far below its melting point, and tin-coated iead 
foil is ‘ade by simply rolling the two sheets together; 
even 1 temperature, for these low-melting metals, 
presuiibly gives the atoms a sufficient range of ampli- 
tude, -. they can rather readily get into each other’s 
field cf force, and adhere in a manner somewhat analo- 
gous to the adhesion among the atoms of a chemical 
molecule. The metal crystal has unsatisfied forces at 
its surfaces, like valence “arms” reaching out to grasp 


the arms held out by other atoms. If no other metal 
atom comes close enough to be grasped, the “arm”’ is 
anxious to grasp almost any kind of atom that comes 
along. The greater the surface, the greater the un- 
satisfied forces radiating from it. Hence the difference 
between the properties of massive metal crystals and of 
those of colloidal size in which the surface is so great 
that the surface forces are overwhelmingly important. 

This great chemical activity of a metallic surface leads 
to the adsorption of gas films, or the formation of oxide 
films. If the presence of such films could be avoided, 
and if pieces of metal could be prepared flat within the 
distance over which the force fields or valence arms are 
reaching out, we could then pile disks of most metals and 
alloys up like a stack of coins, and we could not unstack 
them; we should have to cut them apart, for the pile 
would be welded together into a solid cylinder. 

If, by a sliding pressure, true metallic surfaces are 
produced, free from surface films, and are brought into 
“ose contact, the metals may “‘seize,’’as in a valve seat 
orina bearing running without lubricant. 

, In ordinary metal-to-metal wear, there are probably 
Wo kinds of gripping of the co-acting metallic faces. 


One is a mechanical interlocking of tiny projections on 
both faces; the other, an adhesion or cohesion, i. e., local- 
ized seizure. 

To secure a joining of metals, the requirements are 
that truly clean metallic surfaces shall come into true 
contact. All the processes of welding, soldering, 
brazing, amalgamation, electroplating, tinning, hot 
galvanizing, sherardizing, metal spray, the manufacture 
of ‘‘duplex” metals, and so on, merely require that the 
two demands of cleanliness and contact be met. If they 
are, Nature will take its course, and join the metals. 

In order to produce clean metal surfaces, heating is 
usually necessary to expel the adsorbed gas film, and 
fluxing to remove the oxide film which results from the 
metals we use being immersed in the sea of air in which 
we live. The dentist can tamp down a filling of gold 
foil, and make it cohere into a pretty dense solid. The 
welding of platinum has already been referred to. 
These noble metals probably do not form an oxide film, 
so all we have to contend with is the layer of adsorbed 
gas. 

Metals like chromium and aluminum which tend to 
form very thin, tough adherent oxide films, and to repair 
them instantly when damaged, are apparently almost 
inoxidizable, but actually owe their surface resistivity 
to their great ease of oxidation. If an aluminum sur- 
face is amalgamated, the oxide film is not coherent and 
protective, and oxidation goes on in moist air till the 
aluminum is all converted to oxide. Aluminum and 
chromium and their alloys are hard to weld or solder 
because it is so hard to get a truly clean metal surface. 

Aluminum solders are legion, and in ninety-nine 
cases out of one hundred, worthless, partly because of 
their attack by moisture, and partly because they are 
not applied under conditions allowing of good fluxing of 
the surface. In welding alloys of aluminum or of 
chromium, a good oxide-solvent flux is more than half 
the battle. 

The difficulties met in the melting of dirty aluminum 
borings and in the condensation of zine with avoidance 
of the formation of blue powder, are examples of the 
effect of foreign materials clinging to the surfaces of 
liquid globules, and preventing their coalescence. 
These difficulties are analogous to those met in welding. 

If the metal to be applied in the molten state to the 
surface of another solid metal were readily able to dis- 
solve the oxide film on the surface of the other, it would 
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need no special flux, but in welding or soldering, we 
must generally use some flux which will dissolve the 
oxide film, and be itself readily displaced when the weld 
metal or solder meets it. 

We make it easier for the flux to operate if we first 
remove heavy films as by pickling, filing or scraping, so 
that we have only to flux away what film forms in the 
short time before the flux can be applied. 

Fluxes need not be liquid. A hydrogen atmosphere 
at a suitable temperature will reduce most oxides, and 
thus drive off the oxygen as water, leaving clean reduced 
metal on the surface, with only an adsorbed hydrogen 
layer to be removed. 

It is usually more difficult to bring two solid metals 
into molecular contact, and at the same time drive out 
the oxide film, than it is to get contact between a solid 
and a liquid metal. Hammer welding in air should 
leave more of a crumpled oxide film in the weld than 
fusion welding, as in the latter the oxide film should tend 
to float up. But hammer welding in hydrogen ought to 
make a good clean joint. 

An apparent oddity in soldering is the fact that the 
thinner the solder film in the joint, the stronger the 
joint. In other words, the forces of adhesion between 
the face of the metal to be soldered and the solder are 
stronger than the cohesive forces in the solder itself. 
This situation is also met in gluing. An ingenious 
utilization of this fact depends on the remarkable fluid- 
ity of fully deoxidized copper. In hydrogen brazing by 
copper, the copper will crawl by capillarity into un- 
believably narrow crevices, so that close-fitting joints 
can be copper brazed, and the joints are strong. Much 
of the success of tungsten-carbide tools depends on the 
copper brazing of the tool nose to a tougher body. 
While hydrogen as a flux in other kinds of welding and 
soldering as yet finds relatively little use, it should tend 
to give a cleaner joint than most types of welding in air. 

Welding is growing to be a science in itself, and it 
would take a good deal of space even to enumerate all 
the various methods, from thermit to electro-percussive. 

Of special value are the mechanical welding methods, 
notably the electrical resistance methods, whereby care- 
fully fitted surfaces are brought together under definite, 
measurable and reproducible pressure, and a definite 
amount of heat can be supplied. Under such procedure, 
we can be reasonably certain that of two consecutive 
joints, the untested one has properties similar to that of 
the one we chose for test. 

Hand welding is an art in which the human element 
enters to so great an extent that, despite the acknowl- 
edged strides in the art, it seems to be greatly handi- 
capped in comparison to methods that can be me- 
chanically controlled. We always shudder a bit when 
life depends on the perfection of a hand-welded joint in 
any structure. Every step toward the mechanization 
of welding is surely a step in advance. 

All the methods of joining metals, some of which are 
described in articles in this issue, have special techniques 
and special uses, but a thoroughly sound joint made by 
any of them must have been made by observing the 
requirements as to cleanliness and contact. They 
may therefore all be classed together as utilizing the 
forces of adhesion or cohesion—those forces which we 
use so much, but which we understand so little.— 

H. W. GIL_ett 
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The Joining of 
Alloy Steel 


That the trend of the metal using industry is directed 
toward alloy steels is realized in the vast increased 
tonnage of steel containing various alloys for industria] 
products of every nature. Many of these articles 
were formerly considered as definitely belonging only 
to the very common grades of plain carbon steels, due 
to both cost of the metal and methods of joining them 

Among the many reasons found for the change to 
alloys are improved physica! properties such as tengile 
strength combined with ductility, and longer life due 
to its corrosion resisting properties, the need for these 
improved properties being due to the ever increasing 
demands on metals in various industrial fields. Ip 
the majority of cases a slight change in design of the 
vessel with no additional weight of material practically 
eliminates the earlier question of cost of the base 
metals. 

With the increase in use of alloy steels has come the 
increased need for welding these metals as an economi- 
cal means of fabricating. There is probably no single 
welding problem more outstanding than that of welding 
alloy steels and the answer is by no means complicated 
if the problem is properly approached. The welding 
process has been fully established in the field of the 
plain carbon steels, but the same standards do not 
apply to alloy steels either in regard to welding ma- 
terials or procedure, and it becomes necessary to learn 
how to weld alloy steels. This means new methods 
of welding procedure, the development of new welding 
materials (filler metals), establishment of heat treat- 
ments, etc. 

The metallurgical engineer is just as essential in 
the development of filler metals as he was in the 
development of the steel itself, in fact somewhat more 
so as there is a wide gap between the method of pro- 
ducing a weld and that of an ingot, a rolled plate or 4 
sheet. 

Therefore, to produce what is termed a perfect weld, 
i. e., one whose properties both physically and chemi- 
callv axe the same as the base metal, proper welding 
procedure must also be established by the welding 
engineer, and the metallurgist and engineer must 
work hand in hand. 

So far there has been a considerable amount of success 
in welding alloys but we are in about the same position 
in this field as existed in ordinary steels five years ago, 
and while it has been common practice for some time 
to secure perfect welds in commercial steels, the early 
trials and tribulations of welding ordinary steels is 4 
lesson long to be remembered by those who have 
devoted time to the problem. This welding perfection 
came about only by the application of scientific methods 
resulting in what has now become simplified standards, 
and for welding to obtain the same degree of security 
in alloy steels, the same scientific fundamentals will 
have to be applied. 

Fortunately to-day, with the advanced knowledge 
of welding and modern non-destructive method 
testing the finished welds, the success of welded alloy 


steels is a certainty. —C. A. McCuNnE 1 
(Continued on page 211) 













Oxy-Acetylene WELDING 
of Alloy Steels and Irons 


BY J. H. CRITCHETT* 


few years have supplied many of the demands 
of industry through the development of various 
types of alloy steels, many of which have been designed 
to solve some specific problem such as high strength; 
or resistance to corrosion, high temperature and pres- 
sure, impact, fatigue or abrasion. As these new metals 
were introduced, the question arose as to the best 
method of joining them. Since oxy-acetylene welding 
had proven so successful in its application to the com- 
mon metals such as ordinary steel and cast iron, alumi- 
num, brass and bronze, engineers naturally turned to 
this process as a means of solving this problem. 
Exhaustive studies have shown that oxy-acetylene 
welding is especially well adapted to joining practically 


M )DERN metallurgical practices within the past 


all of the alloy steels. Each alloy presents an individual 
weld problem due to the different metallurgical 


characteristics introduced by the alloying element. 
However, the flexibility of the process is such that by 
slight!y changing the welding technique nearly all of 


the present-day metals can be successfully joined. 
Probably the best known and most widely used of the 
new als are the chromium and chrome-nickel alloys, 


of which there are many sold under various trade names. 
Consi‘cration of the proper welding procedure for these 
various alloys is simplified by dividing them into several 
groups, according to their alloy content. 


* Vix resident, Union Carbide and Carbon Research Laboratories, Inc. 





CHROMIUM ALLOYS 


The low-chromium steels present no welding dif- 
ficulties as long as it is kept in mind that subsequent 
heat treatment is necessary to obtain the highest physi- 
cal properties. Therefore, this discussion will be 
limited to those alloys having a high chromium content. 
In all cases there are certain general precautions that 
should be followed and may be mentioned as pertaining 
to all of the chromium and chrome-nickel steels. 

In the welding of the chromium and chrome-nickel 
alloys the proper adjustment of the blowpipe flame is 
of the utmost importance. If an oxidizing flame is used 
an excessive quantity of infusible oxides will be formed 
which leads to porosity. An excess acetylene flame in- 
creases the carbon content of the weld and adjacent 
metal and reduces the resistance of the alloy to cor- 
rosion. Hence the importance of a neutral flame is 
evident. The blowpipe flame should be adjusted by 
first supplying too much acetylene and then cutting 
back the flow until the acetylene feather just disappears. 
Any very slight excess of acetylene present in the flame 
adjusted according to this procedure will not materially 
affect the corrosion resistance of the weld metal. The 
flame should be no larger than is necessary in order to 
insure proper fusion, and to avoid overheating. 

While the use of a suitable flux may not be absolutely 
necessary, extensive tests have proved that better 
results are obtained with the oxy-acetylene process if a 


Welding a manganese steel casting. 








Welded Chrome-nickel steel piping. 


proper flux is employed. Such a flux should be capable 
of dissolving iron and chromium oxides. At the weld- 
ing temperature of these alloys it should produce a 
fusible slag that is neither too viscous nor too fluid, 
and that will assist in quickly floating impurities to 
the top of the weld. Since ordinary welding fluxes will 
not fulfil all these requirements, a special flux such as 
Cromaloy flux, which is especially adapted for this type 
of work, will give the most satisfactory results. In 
every case the surfaces to be welded should be clean and 
free from mill scale and oxides. 

The majority of the chromium alloys can be welded 
either in thin gage sheets, plates or castings. For sheet 
16 gage and under, flange welds are usually employed 
although butt joints are frequently encountered. In 
flange welding the edges of the sheet to be joined are 
bent up or flanged for a depth of 
about '/i. inch. The flanged 
edges are painted top and bot- 
tom with a water-mixed paste of 
flux and then melted down to 
form the joint. When butt welds 
are used, it is necessary to em- 
ploy a back-up strip of some ma- 
terial that will not alloy with the 
base metal and that has high heat 
conductivity. 

It is possible to weld metal 1/6 
to '/s inch thick without beveling 
if a good flux and welding rod of 
the same composition as the base 
metalare used. The flux must be 
applied to the line of the weld 
on both sides of the sheet in order 
to prevent oxidation on the un- 
der side and to insure good fusion 
beneath the protecting film of slag 
that is produced. It is prac- 
tically impossible to obtain com- 
plete penetration to the bottom 
of the seam unless the proper flux 
is employed. In welding thick- 
nesses over '/s inch, the edges of 
the plate should be beveled and 
the faces coated with flux. Weld- 
ing should be carried through to 
completion as rapidly as possible 
and on one side only. Double- 


vee welds can be accomplished 
with the aid of a high preheat, but 
this practice cannot be recom- 
mended for ordinary use. If a 
welding rod is used, it should be 
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allowed to flow onto the metal, because puddling wil} 
cause weak, porous welds. 

In welding castings the entire piece should be pre. 
heated to a good red heat, and allowed to cool slowly 
Subsequent heat treatment may be necessary to furnish 
the required hardness. Welding rod of the same com. 
position should be used, and if the carbon content of the 
metal is high, an excess acetylene flame may be em- 
ployed to facilitate welding. No more acetylene should 
be used than is necessary, and in any case a feather of 
acetylene the same length as the inner cone should be 
considered a maximum. 

The preceding welding procedures may be applied 
to any of the chromium or chrome-nickel alloys 
and if these are carefully followed and the proper 
method of heat treatment adhered to, the maximum 
strength and ductility will be obtained. The proper 
heat treatment will be discussed under the individual 
groups. 


4-6% Chromium Alloys. These alloys, which are 
relatively low in chromium, exhibit welding charae- 
teristics somewhat similar to those of steel. However, 
a heavier coating of infusible slag is formed during weld- 
ing, so that the use of a suitable flux is necessary, If 
the carbon content of this material is high, it is neces. 
sary to heat treat the metal after welding and {o allow 
it to cool very slowly. 


12-16% Chromium Alloys. This group alloys 


may be further divided into those containing 0.20% 
carbon or over and those containing less thai 0.12% 


varbon. The high carbon variety is very susceptible 


to heat treatment and to surface finish for its currosion 
resistant properties. The metal air hardens, so that 
welds and adjacent base metal will be hard an | brittle, 





Welding Chrome-molybdenum airplane fuselage tubing. Note use of jigs- 
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Annealing and slow cooling will remedy the condition 
somewhat, but quenching and drawing followed by 
careful surface refinishing are necessary to develop its 
maximum stainless properties. 

The low carbon alloy does not require heat-treatment 
to develop its corrosion resistant qualities, but its air 
hardening characteristics when heated above 790- 
gn0° C. (1455-1470° F.) demand subsequent heat 
treatment in order to remedy the hardness and brittle- 
ness of the weld and adjacent metal. Excellent results 
are obtained by heating to about 750° C. (1380° F.) for 
1/, hr. and cooling either in the furnace or in still air. 































| Although furnace annealing is recommended, blowpipe 
. annealing will aid considerably where it is not possible 
to use furnaces. Welds should always be heat treated 
to restore toughness and ductility to the metal affected 
r by the welding heat. Welded Chrome-nickel steel exhaust 
| 16-20% Chromium Alloys. The technique recom- manifold for aircraft. 
mended for the welding of the 12-16% chromium alloys 
. applies also to these. However, the high silicon con- Spa a ss ; ‘eldi , 
tent which is often found in the higher chromium-grade It is subject to grain growth at welding temperatures. 
; facilitates welding. The metals in this group do not air Care should be taken to prevent any sudden changes in 
, harden as readily as the lower chromium alloys, but they temperature during welding. Che metal is ductile at 
' are liable to grain growth at welding temperatures. a black heat (475° C.-885° F.); but if it is held at this 
, Heat treatment similar to that advocated for the 12- temperature or allowed to cool through it slowly, it will 
- 16% chromium grade will impart toughness and ductility be extremely brittle when cooled. _ However, this condi- 
W to the welds. Care should be taken to prevent heating tion can be remedied by rapid cooling through this range 
above 780° C. (1435° F.) however. or ‘subsequent reheating to a red h sat and cooling 
8 ; quickly through this range. In large sections it is best 
A 20 9 Chromium Alloys. gene et oP high to preheat the entire piece to a good black heat and 
h chroinum content of these alloys, an infusible slag is then carry welding through to completion in one 
e for: vhich occasionally presents some difficulty in operation. Welds and adjacent base metal will be 
n figtey oon aie 0 can oh bl a = strong but exceedingly brittle if not subsequently heat- 
ux ch instances s y § FI 
: agre: oxtent. This material does not self-harden, but ee. 


CHROMIUM NICKEL ALLOYS 


The general welding technique 
as discussed under the heading of 
chromium alloys applies equally 
as well to the chromium nickel 
alloys. Modifications in tech- 
nique made necessary by special 
characteristics are discussed more 
completely under the individual 
groups. 

17-25% Chromium-7-12% 
Nickel Alloys. These metals 
are austenitic in structure and 
are not subject to the brittleness 
encountered in welding the 
nickel-free chromium alloys. 
No subsequent heat treatment 
is necessary in order to obtain 
good strength and ductility in the 
weids and adjacent metal. When 
water quenching from high tem- 
peratures is possible, the cold 
working and corrosion resistant 
properties of these alloys are 
greatly improved. However, the 
distortion resulting from this 
practice limits this treatment to a 
few products and is only necessary 
where extremely corrosive condi- 
tions are to be encountered. 

If the alloy contains more than 
0.08% carbon it has been found 
that under severe corrosive condi- 
tions intercrystalline corrosion 
occurs in the base metal adja- 
cent to the weld. This is prob- 
ably caused in part by carbide 
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precipitation at the grain boundaries. Subsequent 
heating to above 1000° C. (1830° F.) followed by air 
cooling or quenching will remedy this difficulty and 
should be used wherever welded high carbon alloys of 
this type are to be used to resist severe corrosion. Most 
manufacturers fabricate more than one grade of these 
alloys, those having the lower carbon content of less 
than 0.10% being preferable for welding. 

In welding the 18-8 chromium-nickel alloys it should 
be remembered that their coefficient of expansion is 
about 50% greater than that for mild steel and that 
their thermal conductivity is but 48% that of steel. 
Suitable preheating coupled with the proper use of jigs 
and chill plates will remedy the tendency to buckle. 

7-25% Chromium-17-22% Nickel Alloys. These 
alloys, developed to meet certain specific requirements 
of various industries, vary so much in composition that 
it is impossible to formulate any general welding tech- 
nique. Each alloy requires a different procedure so that 
in order to obtain the most satisfactory results the alloy 
manufacturer should be consulted as to the proper weld- 
ing practice. 

18% Chromium-8% Manganese Steel. This alloy is 
a comparative newcomer to the alloy steel field and has 
been used particularly where resistance to sulphur bear- 
ing gases is required for applications. It is welded 
similarly to the chromium-nickel alloys, but joining is 
accomplished more easily. A neutral or slightly re- 
ducing flame is important, asis the use of a good chro- 
mium flux. It is undoubtedly the most easily welded 
of the high chromium steels, strong ductile welds being 
readily obtained. 


MANGANESE STEELS 


1-2% Manganese Steel. This material may be read- 
ily welded by the ordinary technique employed for mild 
steel. The use of manganese-molybdenum welding 
rods will assure the best results. Subsequent heat 
treatment appears to have little effect upon strength 
and ductility. 

12% Manganese Steel. Hadfield steel, one of the 
first of the alloy steels, is the usual name under which 
this metal is sold. A special rod of similar composition 
to the base metal should always be used. The pieces 
to be welded should be prepared and preheated accord- 
ing to the usual cast iron welding procedure, care being 
taken to support heavy sections against strain because 
of the weakness of red hot manganese steel. A slightly 
reducing flame facilitates obtaining sound welds, and a 
large flame should be used to maintain a large pool of 
molten metal. The rod should not be rubbed into the 
weld but should be kept in the pool and melted under the 
surface of the liquid metal. After a large pool is de- 
veloped, it should be melted into the base metal. 


ENGINEERING TYPES OF ALLOY STEEL 


None of these alloys presents any difficulties in 
welding, the proper technique in every case being the 
same as for plain carbon steel. Since these steels are 
used mainly to obtain high strength with good ductility, 
resiliency and resistance to shock, heat treatment after 
welding will insure the most satisfactory results. Nor- 
malizing may be accomplished either by means of a 
furnace or the welding blowpipe, although the use of 
a furnace where possible will undoubtedly prove the 
more satisfactory. The welds should be allowed to 
cool to a black heat and then reheated through the 
critical range of 760° to 815° C. (1400° to 1500° F.) 
care being taken not to heat above this upper limit in 
order to prevent grain growth. The piece should be 
held at this heat for a few minutes and then allowed to 
cool at a rate equal to the cooling of an average section 
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in still air. The proper cooling rate is necessary jp 
order to insure the most satisfactory results. In some 
cases tempering may be necessary after normalizing, 


HIGH SILICON IRON 


High silicon irons such as Duriron, which contains 
about 14% silicon, can be welded; and if the proper 
procedure is carefully followed, welds as strong and ag 
corrosion resistant as the base metal will result. A rod 
of the same composition should be used; and the use of 
a flux composed of equal parts of borax and sodium pj. 
sulphate is recommended. A neutral flame should be 
employed and the rod kept in the molten pool under. 
neath the heavy slag coating that is formed. Sjnee 
molten Duriron is very fluid, welding must be carried 
through more rapidly than is usual with cast iron. 

In repair work the metal around the fracture should 
be melted away until clean iron is reached. Holes 
should be backed up with a molding sand and then filled 
from the rod. A sand backing should be used whep 
welding is done on a flat surface. The edges of the 
pieces should be melted down to form the weld at the 
base of the vee, and then the remainder built up from 
the filler rod. 


CONCLUSION 


Undoubtedly there are scores of alloys welded every 
day that have not been mentioned in this discussion, 
but it is felt that the preceding list covers with fair 
completeness the scope of the alloy steels and irons 
commonly encountered in general welding practice to- 
day. There are few exceptions to the list of alloys that 
can be satisfactorily welded by the oxy-acetylene proe- 
ess provided the composition of the metal is thoroughly 
understood, and the proper welding technique as set 
forth in this paper, and in the various booklets published 
by welding supply and alloy steel manufacturers is 
carefully followed. 


Dr. H. Foster Bain, former 
Director of the U.S. Bureau 
of Mines, and more recently 
Secretary of the American 
Institute of Mining & Metal- 
lurgical Engineers, has re- 
signed from the Secretaryship 
to take over work of the 
Copper & Brass Research 
Association. 


Charles P. Mills 





Dr. H. Foster Bain 


Charles P. Mills, recently 
director of the Chrome Alloy 
Department of the General 
Alloy Company, has resigned 
to take the position of Chief 
Engineer of the Empire Steel 
Castings, Inc., of Reading, 
Penna. 

He is a member of the 
American Institute of Mining 
and Metallurgical Engineers, 
American Petroleum Insti- 
tute and the Engineers’ Soci- 
ety of Western Pennsylvania. 











SOF'T SOLDERS 
and Their Application 


COMPOSITION 


©: Tt solders refer to lead-tin alloys used for solder 
S tal. They are more fusible than the hard 
i'lers which contain practically no lead or tin. 
Hard ers include brazing solders and silver solders. 
Fusible alloys are more fusible than soft solders and in 
addition to lead and tin, they contain bismuth and 
sometimes cadmium or mereury. Occasionally they are 
used by methods resembling soft soldering. 

In Fig. 1 the equilibrium diagram of the lead-tin alloys 
is given.*® A more recently presented investigation 
gives data for the system somewhat at variance with 
this diagram** but the differences do not appear to be 
consequential in respect to the alloys referred to in this 
paper. Inthe ternary sys- 
tem, lead-tin-antimony, it 
is well to consider the 00 


Machine for Soldering Tin Cans. 





ted the A.S. T. M. specifications for soft solder*® which 
designate eleven compositions varying from 31-63% tin, 
0.12 (or less) to 2.0% antimony, balance lead except for 
allowable impurities. The British Engineering Stand- 
ards Association’ lists eight solders somewhat similar 
and a ninth containing 95% tin, 5% lead. All of these 
solders are permitted to contain up to 0.3% antimony 
and others vary up to one in which 3% is allowable. 
When a solder is used for joining zine or galvanized iron, 
antimony should be absent to avoid the formation of a 
relatively infusible zinc-antimony compound which 
objectionably reduces the fluidity of the solder. 

For some purposes requiring slightly higher melting 
point solders, alloys are sometimes made to the following 

formulae :— 


Pb Sn Sb Ag Tl 
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Nightingale*’ explains all by saying that a solder 
must be adhesive. He ascribes to the Americans the 
three rules for good soldering, namely: cleanliness, 
cleanliness and cleanliness. 

Generally, the first step in tinning or soldering is a 
cleansing of the metals to be coated or joined. The 
Operation may be mechanical as by scraping, filing or 
rubbing with sand or emery paper. Usually the pre- 
liminary cleansing is by chemical action with pickling 
solutions of acid or alkali. Frequently, metal parts to 
be joined by soldering are made from tinned sheet or 
wire in order to facilitate soldering. It is often desir- 
able to pre-tin metal parts before assemblage for joining 
by soldering. | 

For practical purposes, it is generally necessary to use 
a flux when soft soldering. The chief functions of fluxes 
are to dissolve oxides and to prevent oxidation of the 
surfaces of metal to be joined. They should also be 
fluid at the temperature of the molten solder applied so 
that by gravity, capillarity or other forces the solder can 
displace the flux at the joint made. Mild fluxes such as 
tallow, stearin and rosin particularly prevent oxidation, 
whereas zine chloride, with or without the addition of 
ammonium chloride, acts both as an oxidation preventa- 
tive and a scavenger. Zinc chloride has a melting 
point of 262° C. (504° F.) and its eutectic mixture with 
ammonium chloride (71% by wt. ZnClh, 29% NH,Cl) 
has a melting point of 179° C. (354° F.), fortunately just 
below the melting point of the eutectic alloy, 63% tin, 
37% lead. The eutectic solder is sometimes used at a 
minimum temperature and where the zinc chloride type 
flux is required, the zinc-ammonium chloride eutectic 
mixture is desirable. The ordinary flux solution is zine 
chloride made by dissolving zinc in muriatic (hydro- 
chloric) acid. A popular paste flux contains about 75% 
petroleum jelly, 20% zine chloride and 5% ammonium 
chloride with a small amount of water as an emulsifying 
agent. 


METHODS OF APPLICATION 


Tin, lead, zinc, copper, copper alloys, nickel, monel 
metal, iron, steel, stainless steel can all be readily 
joined with solder. The method of application of 
solder to the metals to be joined varies according to 
the character of the metals, their position, the size of the 
parts to be joined, the speed with which the operation 
must be completed, and the shape, tensile strength, and 
appearance required by the finished work. In every 
case, the surfaces to be soldered must be brought to the 
melting heat of the solder. The necessary heat is 
secured: 


1. By repeatedly pouring the molten solder over the surfaces 
to be joined, in the wiping method. 

By the use of the soldering iron or soldering copper. 

By the use of vlow-torch, or electric arc. 

By solder-bath. 

By sweating. 


Sr 99 


WIPING METHODS 


For joining sections of lead pipe with brass, bronze, 
lead and copper fittings with solder, and for covering 
internal joints on lead-covered electrical cables with a 
lead sleeve, wiped joints aremade. This requires a high 
degree of skill and practice. The solder in a plastic 
state is poured slowly, and carefully distributed over the 
top and sides of the joint. Being in a fairly fluid condi- 
tion, some of the solder drops off the joint on to the 
cloth which the workman holds under the joint. This 
dropped solder is pressed up against the bottom of the 
joint and the whole mass of hot solder is manipulated 
till every part of the joint is raised to a ‘“‘sweating” heat, 
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which insures a perfectly tight contact all around 
When this heat is attained, the pasty solder is shaped 
and rounded with the wiping pad, and all excess solder ig 
wiped off as the joint slowly cools and the solder hard. 
ens. 

The wiping method is in wide use because often the 
shape of the pipe and its location allow very little work. 
ing space, making it impossible to use a tool or mechan- 
ical device. 

When joints are large and are poured with ladles 
perfect adherence and solidity can be obtained by 
repeated pouring until the joints cool to a temperature 
at which hardening begins, when the excess of solder ig 
wiped off. 

In wiping joints plumbers get some flux (tallow or 
lard oil) from the wiping cloth. In wiping cable joints 
stearin in stick form is used for fluxing. 

Wiping solders in this country for making joints ip 
pipes or for cable sheathing have been found by ex 
rience to be best in the range of 58-63% lead, the balance 
tin, although some users prefer the addition of up to 2% 
antimony. (In filling joints in automobile bodies, an 
alloy is used somewhat as a wiping solder and usually 
contains about 30% tin and 70% lead.) It inay be 
noted from Fig. 1 that these alloys have a plastic range 
of about 60° C. (140° F.) between the liquidus and solidus 
which accounts for their choice since the alloy is main- 
tained in a semi-liquid state for a convenient |-:.¢th of 
time while making the joint. 

For wiping solders, the British Non-Ferrou- \etals 


Research Association recommends a tin conte: of 30- 
31% and claims the addition of antimony to ti extent 
of 6% of the tin content in no way impairs the »orking 
properties of the wiping solder so long as the ti: . ontent 


is not below 30-31%. They also state that it 1m. kes for 
small grain size and in general for good adhesion and 
soundness. 


SOLDERING WITH A SOLDERING TOO. 


A soldering tool is sometimes referred to as 2 solder- 
ing copper and sometimes as a soldering iron. It is 
usually copper, even when called an ‘‘iron.”’ 

The tool is used in soldering sheet metals together 
where the sheets are either lapped or locked together 
and present a flat surface over which the soldering tool 
may be drawn. | 

The tool is heated to a point hot enough to quickly 
melt the solder, which is drawn along the edges to be 
joined just fast enough to allow the heated iron and 
melted solder to heat the edges and secure a tight water 
proof seam. ‘The soldering iron is also used to heat 
other surfaces to be soldered where it is practical to use 
neither a flame nor molten solder poured over the 
surfaces. 

Galvanized iron sheets and copper sheets are usually 
soldered by means of the iron. Terne plate and tin 
plate are often similarly soldered. 


SOLDERING WITH A BLOW TORCH 


Where the metals to be joined or soldered are not large 
enough in diameter or rigid enough to permit of the use 
of the wiping method and are not flat surfaces in position 
for the use of the soldering copper, soldering 18 a¢ 
complished by playing the flames of a gasoline, kerosene 
or alcohol blow-torch directly on the surfaces and then 
applying the solder cold in bar or wire form of ap 
propriately small cross-section. The heat of the sur 
faces melts the solder and before it hardens, it is ¥ 
smooth and any excess of solder is removed. Thisis' 
method in common use by electrical workers in soldering 
wire joints and sweating on lugs. 
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THE SOLDER BATH 


Where the parts to be soldered are too numerous or 
too small for the use of the methods previously described 
the soldering is done by means of a molten bath. 

The soldering of automobile radiators is a good case in 
point. The radiator parts are assembled into frames, 
clamped tight and the ends are then dipped into a 
solder bath which is just deep enough to give the required 
depth to the joint. For this purpose the solder is 
purchased in slabs varying in size from 15 to 35 pounds. 
The popular compositions for the bath are °°/s and 
40/,. (respectively, tin and lead), although finer (tin 
richer) or poorer solders are used by some manufacturers. 

The soldering 
of tin cans is 
another good 
example. The 
cans are carried 
through the bath 
by the means of 


a chain belt over 
a tr ick which 
causes the cans 
torevolve. The 
track holds the 
cans at an angle 
of 45° so that the 
sol - in the 
bat touches 
abr g inch of 
the ttom and 
side of the can, 
thu aking the 
joi 


SOLDERING BY 
SV ‘EATING 


with great ra- 

pidity and when they are of uniform size, allowing the 
use of automatic machinery. The soldering of machine- 
assembled, round tin cans is a good example. By ma- 
chinery these cans can be assembled at the rate of 150 
per minute. Many can manufacturers at a single plant 
turn out as many as 3,000,000 cans per day of ten hours. 

As stated above, tin cans are sometimes soldered in a 
bath but sometimes the sweating process is used. 

In that case, the cans are usually formed and the 
heads and bottoms crimped on by machinery. They 
are then carried by a travelling chain belt over tracks 
which cause the cans to revolve under a series of gas jets. 
The cans are thus heated. They are then passed under 
tubes through which wire solder is fed to the heated 
metal in the required amount for each can. The solder 
on coming in contact with the heated can immediately 
melts and flows or sweats into the crimped joint, making 
a securely soldered and air-tight seam. 

x The solder used in the above work varies from 

*/e2.5 to °°/%, popular compositions being *°/g and 


“/s. Each manufacturer has his own ideas on the 
subject. 


OTHER METHODS 


In soldering many specialties the foregoing methods 


= been modified or combined in groups, or special 


have been devised to fit the special conditions. 








Dipping Automobile Radiator Cores in a Solder Bath. 


The sweating 
pro has been 
found best where 
a great number (Courtesy Winchester Repeating Arms Company. ) 
of metal objects 
are to be soldered , 
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However, none of these special shop practices embraces 
any new or different principle. 


WORKING HEAT AND FLUXING 


A pot of solder should never be raised beyond the 
necessary working heat. On big work, where much heat 
is required to bring the metals to the proper temperature 
for efficient soldering, it is better practice to use a large 
pot carrying a large charge of solder at about the usual 
soldering temperature of the solder rather than to use a 
small pot and raise the temperature of the solder un- 
usually high. 

As the temperature is raised, the metals exposed to the 
action of oxygen 
in the air are 
oxidized unless 
protected by a 
hard soldering 
flux such as 
powdered borax, 
charcoal, soda, 
etc. 

Tin is much 
lighter than lead 
and rises to the 
top of the pot 
unless the pot is 
properly stirred. 
The greatest 
losses by oxida- 
tion due to over- 
heating solder 
are tin losses, 
though part of 
the lead is oxi- 
dized as litharge. 

When it is 
necessary to 
raise the heat on 
solder unusually 
high for any 
reason (as when 
the pot has to be 
carried a rela- 
tively long distance), the metal should be covered with 
a hard soldering flux. 

Stirring and skimming a pot of overheated solder are 
not recommended because of excessive loss by oxidation. 

In the consideration of fluxes attention must be paid 
to the kind of metals to be joined and their massiveness. 
Ordinarily it takes more heat to solder iron or steel than 
is required for soldering lead. When a soldering iron 
is used, the heating may be too localized if the heat is 
conducted away rapidly, consequently the iron must be 
exceptionally hot. In such a case, rosin may be unsatis- 
factory as flux because the heat tends to carbonize it, 
thereby preventing good soldering. When soldering 
large pieces of metal together, it is nearly always desir- 
able to pre-tin parts individually before assemblage for 
soldering. This facilitates the soldering and makes 
stronger joints. Before soldering cast iron, a cold 
pickling bath of 5% hydrofluoric acid is recommended. 

Pastes or powders composed of pulverized tin or 
solder mixed with flux are on the market and used to 
some extent. Tubular solder wire with a core consisting 
of rosin or other flux is quite popular. Adequate 
amounts of solder should be used in joints but economy 
demands no more than enough. To attain this end 
more expensive solders containing more tin are some- 
times used because they flow better and less is required. 
Special forms and small sizes of solders are marketed to 
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aid the consumer in getting just the right amount of 
solder in a joint. Forms obtainable are tinner’s bar, 
triangular bar, meter bar, ingot wire in spools or in 
segments, drops, capping bar, slabs, pulverized and tape 
or ribbon. 

The time required in making a good soldered joint 
may be extremely short. While prolonging of the period 
of time in which the solder is molten in a joint may in- 
crease the amount of alloying, the effect is not con- 
sidered beneficial. When soldering copper, it is advis- 
able to use temperature below 400° C. (750°F) in order 
to prevent the formation of a copper-tin compound 
Cu;Sn which is brittle and tends to reduce the strength 
of the joint when present. 


MECHANICAL PROPERTIES 


Nightingale says that the antimony content should be 
restricted in the solder for dipping of brass and copper 
articles, claiming that the antimony should be just 1% 
of the tin content as when the ratio is either higher or 
lower than this, there is a formation of a larger quantity 
of coppery dross. He favors the use of antimony in 
most solders but mentions that when it exceeds 6% 
of the tin content, cubes of the antimony-tin gamma 
solid solution appear. Their pres- 
ence is undesirable owing to the 
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resenting test results obtained at the National Lead 
Company Research Laboratories are somewhat in 
agreement with Nightingale’s results as illustrated. 
Nightingale and Thompson used special molds for 
casting the test bars to size. In the fourth series 
the alloys were cast to size in the steel mold making 
round bars of 2” gage length and 0.505” diameter. 
These were pulled at rates corresponding to 0.026” 
and 0.5” per minute travel of the free cross head of the 
testing machine, respectively, to the yield point (0.5% 
elongation) and thereafter. 

At the lower part of Fig. 2, test data are presented 
described as load for ten day life. These data are 
chosen from some investigations under way and were 
obtained by the use of cast sheet specimens '/,” thick 
which were punched to standard tensile strength 
specimen form 2” test length and '/2” wide. The speci- 
mens were supported from a test rack with weights 
hanging from the lower ends of the specimens. While 
the specimens were not entirely free from vibration 
during test, it is felt that the results are comparative 
among themselves. These data are striking in com- 
parison with the quick pull strength values as shown in 
the upper part of the diagram. In addition to the 
strength of specimens for ten day life of lead-tin alloys, 
two other alloys containing antimony were tested and 
the following results found: 


Load for Ten Day Life of Cast Metal 


Lead Tin Antimony lbs. /in.? 
47 53 Pg 1,000 
47 50 3 1,080 
57.6 42.4 ts 900 
57.6 40 2.4 1,030 
The advantage of increased strength due to the addition 


of antimony is not so evident here as in the quick pull 
tests made by Nightingale. 

As yet, we have no good data for the maximum load 
solder alloys will sustain for an indefinite period. Free- 
man and Quick ** have presented some data on tiie flow 
of extruded and drawn wires under a continuous load. 
They also tested some soldered strips under continuous 
load. A more recent investigation*® conducted at the 
Bureau of Standards gives the results of a study of lap 
seams for copper roofing. It was decided that the seams 
should be at least */,” wide. The maximum safe load 
for soldered lap seams was placed at approximately 
350 Ibs. /in.? (length times width) of seam, and for '/:” 

pretinned flat lock seams 375 
lbs./in.2 of seam. A 50-50 solder 
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Crow”? previously indicated that /~ 


‘~ 


tensile strength values as illus- 
trated in Fig. 2 but the results 
are now used in comparison with 





the thinner the solder film the 
stronger the joint. 
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g ailures o in Solder Cast Specimens under a 


of several alloys under a con- 
tinuous load of 100 lbs. /in.? 
with rising temperatures. 
These results are depicted in Fig.4. The specimens were 
in sheet form !/;,” thick produced by casting in a steel 
mold. They were then cut to small specimen size as 
illustrated in Fig. 5. The test section was '/;” wide. 


The holes used for suspension were reinforced with copper 
eyelets. These specimens with weights attached were 
suspended in molten paraffine. In the first heating 
test, [., alloys containing 3 and 8% tin were found to be 
so resistant to flow at elevated temperatures that they 
were reinvestigated in duplicate in heating test, IT. 

se data on strength at room temperature and 
elevated temperatures have been presented more for a 
matter of interest than for use as conclusive results. 


Just how far they can be applied to practice is somewhat 
problematical at this time although it is hoped the 


reader will agree that they will be useful in a general 
way and that the trend of the investigation is in the 
right direction. In consideration of the strength of 
soldered joints, one must make allowance for a safety 
factor needed on account of imperfections in joints 


which, unfortunately, frequently cannot be detected 
without destroying the joint. The possibility of the 
use of — to examine joints for soundness might be 
considered. 

An attempt has been made to give some general 
information on solders and their usage. In addition, 
some data have been presented on the strength of 
solders. Since much more is known on this subject 
than can be here given, a rather extensive bibliography 
is appended so that readers desiring to pursue this study 
further may doso more readily. The article by Nightin- 
gale*’ is particularly noteworthy. 

_Acknowledgment is gratefully made to Mr. W. A. 
Cowan for kind help in the preparation of this text and 
to Mr. C. H. Hack for the conductance of the creep tests. 
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UTOMATIC are welding has found its major 
application in the manufacture of various articles 
from steel sheets. These products include pipe, 

tanks, cans, boilers, machine parts, and structures used 
in the building trade and shipyards. 

As a general rule such applications can be worked out 
economically with the greatest satisfaction since the 
welded seams are usually simple and of reasonable 
length. The work handling machinery for both the 
circular and straight seams can be designed to accommo- 
date various sizes of work and thickness of plate with 
minimum delay for adjust- 
ment. 

The advantages of auto- 


Automatic Arc Welding} 


BY A. M Ci 


TV{ETALLURGY classes as one of the “‘exact sciences,” 

that is, if you really do the same things to a 
metal twice, you get the same results both times. The 
difficulty is in really reproducing conditions exactly, 
especially when the product cannot be tested to tel] 
whether the result has been the same, without destroying 
the material. Nowhere in the application of metallur. 
gical products is the task of obtaining true uniformity 
harder than in the case of welds. 


developed by the West- 
inghouse Electric and 





matic arc welding are 
summed up in the words 
economy and reliability. 
Higher welding current with 
resulting higher speed and elec- 
trode deposit is possible than by 
manual welding. No time delay 
is introduced in changing electrode 
rods since the electrode is a wire 
fed in long lengths or from a coil. 
These factors enable an automatic 
weld to be made in '/; to '/, the time 
required by a manual welder. The 
first figure holds for plates of '/, or */s 
inch thickness while the greatest time 
saving is effected on the thinner sheets. 
Greater general reliability is obtained 
since the weld is made without interruption 
and since the arc voltage is maintained more 
constant than is possible in hand welding. 
Fig. 1 shows an automatic welding head 





















Manufacturing Company 
for all forms of metallic are 
welding. The electrode wire 
of any diameter up to °/\, inch 
is automatically drawn from 
the reel and fed to the arc. In 
the illustration the wire is shown 
entering the guide to the feeding 
rollers from the top and emerging 
a from the lower end of the long 
nozzle. The nozzle serves the pur- 
pose of guiding the electrod: the 
seam and transmitting the ling 
current to it through the sliding ¢ontaet 
in the bore. 
When the operator pushes the © start” 
button, the head automatically strikes 
the farce and feeds the electrode down- 
ward at the required rate to maintain the 
desired arc voltage. It continues to weld 
without interruption until the operator 
pushes the “stop” button or until the elee- 
trode wire is consumed. The 
welding current is adjustable at 
the welding generator or welding 
outlet panel and the travel speed 
is adjustable at the work han- 
dling machine. The head itself isa 
small tool which may be mounted 
on a moving carriage together 
with the electrode reel to produce 
a weld on work that is held sta- 
tionary. Itmay also be mounted 
on a stationary support and the 
work moved under it in a direc- 
tion parallel with the seam. Both 
forms of welding are found in the 
applications illustrated below. 
A quite recent application of 
automatic welding on steel plates 
is in connection with‘ Battledeck 


* Welding Engineer, Westinghouse Electric 
& Manufacturing Company. 


Fig. 1. Westinghouse Automatic 
Wel Head. 


Fig. 2. Automatic Welding 
Tractor for Steel Floor Plates. 






;| of STEEL SHEETS 


M. § CANDY" 


The human element is primarily responsible for the 
variations. Where hand welding must still be resorted to, 
‘procedure control” or the attempt to control the vari- 
ables, is steadily being improved, but wherever the job 
can be done mechanically, the chances for uniformity 
are muchincreased. Several automatic welding methods, 
worked out with uniform quality of weld as the primary 
goal, and speed of welding as.a secondary one, are de- 
scribed in this article. 


floor construction for buildings. This new method makes 
use of steel plates welded to the floor beams of a building 





to produce a fire resisting construction. The stiffening 
and bracing effect of the plates welded to the I beams 
together with the considerable weight reduction as 
compared with concrete floor panels permits the use 
of | r main steel members and eliminates some 
eX] ve concrete form construction. Fig. 2 shows the 
use n automatic welding head on a self-propelled 
tra designed to follow the plate joint over a floor 
bea id to weld two adjacent plate edges to the beam. 
’ ilar tractor can be used to weld plates and struc- 
tu abers for oil storage tanks, ships and barges. 
shows an automatic welding application in the 
assi y of small safety coil tanks; the work consists of 
ont p drawn shell with terminal outlets forming the 
to} sides of the tank. The flanged bottom is pushed 
into tank shell and the joint is sealed with a fillet 
well shown in Fig. 4. The weld is made after the 
tal aded with its coil parts and filled with insulat- 
ing 1. A special type of handling machine was 
der ed to provide ease of loading and unloading and 
adaptability to a range of lengths and diameters. The 
bed of the machine is mounted on trunnions to permit 
welding at the most desirable angle and to present either 
end of the tank to the are without inverting the tank. 
The driving element consists of four parallel flanged 
supporting rollers on two shafts driven by an elec- 





















Fig. 3. Manufacture of Safety Coils by Automatic 
Welding. 


tric motor through a gear train. By using this 
driving system it is necessary only to place the 
cylinder on the rollers to prepare it for the 
welding operation. The peripheral or welding 
speed remains the same for all diameters 
with one adjustment. 

Fig. 4 indicates the quality of the weld 
obtained with the automatic arc at the 
bottom of the tank. The weld is com- 
pleted in 54 secs. compared with a 
welding time of 7 minutes by hand. 
A welding current of 140 amperes 
and '/;-inch diameter electrode 
is used to complete the seam 
on No. 14 gage material at 
a welding speed of 140 ft. per 
hour. A speed of 200 ft. 
per hour could be easily 
obtained with increased 
welding current at a 
slight sacrifice in ap- 
pearance. 


seams in tank shells or plates is the auto- 
matic seam welder. It consists of a clamp- 
ing frame comprising a backing beam un- 
der the seam and air pressure clamping 
fingers at the side of the seam to hold 
the plate edges down in line against 
the backing bar. A carriage mount- 
ing the welding head, wire reel 
and operator’s controls is self- 
propelled at any desired speed 
on a trackway over the clamp- 
ing arms parallel with the 
seam. Fig. 5 shows such a 
machine in use to weld the 
side seam in several ellip- 
tical tanks which are 
held in the clamp simul- 


a . taneously. 
€ most universal Fig. 6 shows a modern 


ae for butt or machine of this: type 
ng straight Fig. 4. Completed Safety Coil Tanks. in greater detail. 
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It is particularly adaptable for relatively low pro- 
duction shops since it will accommodate a large range 
of tank or pipe diameters and plate thicknesses without 
adjustment. Moreover it can be used to butt or lap 
weld two straight plates together under clamping 
pressure. 

Fig. 7 shows a transformer shell with the longitudinal 
seam butt welded in aseam welder. The material is '/; 
inch thickness steel and was welded at the rate of 
70 ft. per hour using °/3-inch diameter electrode and 
225 amperes. 

Steel sheets as thin as 22 gage have been butt welded 
in a clamp seam welder with good results and at com- 
mercial speeds. A welding speed of 160 ft. per hour is 
readily obtained on work of this kind. It is usually 
considered impractical to try to 
weld sheets thinner than 14 gage 
with the manual arch, therefore 
automatic methods open a new 
field for arc welding sheets of 
lighter than 14 gage, with maxi- 
mum economy and minimum dis- 
tortion in the work material. 

A large percentage of the gas 
and oil pipes which are now span- 
ning the country to carry our 
natural resources from the fields 
to centers of consumption are 
manufactured by automatically 
are welding the longitudinal seams 


Fig. 5. Automatic Seam Welder 


for Tank Shells and Plates. 


Fig. 6. Westinghouse Eight Foot 
Seam Welder. 
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in bent sheets. Another form of pipe popular for its 
lightness, flexibility and strength is shown in Fig, g 
This pipe has a spiral seam mechanically locked and 
welded. It is manufactured in quantities measured jp 
miles per day by automatic arc welding. A rust resist. 
ing steel is used in its manufacture to combine long life 
with light weight. . 

An attachment for standard welding heads is available 
to permit semi-automatic welding on irregular seams. 
This device is shown in Fig. 9 attached to the nozzle 
holder of a head such as shown in Fig. 1. The electrode 
wire is drawn from the reel and fed to the are in exactly 
the same manner as for automatic welding but in this 
case the greater portion of the nozzle is flexible so that 
the end near the arc may be manipulated by the opera- 














tor to follow the seam. The head and work are usually 
held stationary during the welding operation. 

The holder or are end of the nozzle is provided with a 
fiber handle, are shield and trigger switch to start and 
stop the are and wire feed. The welding current enters 
the electrode largely through the sliding contact in the 
rigid nozzle portion at the holder. The flexible nozzle 
portion between the holder and the head is made up of a 
hard flexible steel core covered with fine copper braid to 
conduct the welding current to the holder. An insulat- 
ing cover of rubber and cotton protects the copper braid 
against short circuit 
ares to ground. 

When the holder is 
suspended from the 
head, as shown in the 
illustration, it may be 
guided about over a 
considerable area 
while the head is feed- 
ing the electrode wire 
downward through 
the nozzle and main- 
taining the are. This 


is an ideal condition 
for semi-automatic 
welding since the 
weight of the holder 
is ¢ ied from the 
head and the are is 
struck and maintained 


with assistance on 
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Fig. 7. Side 
Seam in 
Transformer 
Tank by Auto- 
matic Arc 
Welding. 


Fig. 8. Nay- 
lor Welded 
Pipe. 


Fig. 9. Weld- 
ing Head with 
Seri Automa- 
tic Welding 
Attachment. 
















































































the part of the opera- 
tor. He merely 
guides the holder 
along the seam at the 
proper speed to obtain 
the desired fusion and 
electrode deposit. 
Under these condi- 
tions an inexperienced 
welder can learn to 
make very good welds 
in a short time. In- 
creased production of 
more than 100% can 
be obtained on work 
that lends itself to 
this arrangement. 
This includes tank 
tops having irregular 
seams and work of a similar character in which the weld 
is confined to a limited area in a horizontal plane. On 
large areas the head should be mounted on a moving 
support so that it may be moved along over the seam 
at intervals. 

On work requiring one or more sharp bends in the 
flexible nozzle tube between the head and holder some 
of the advantages of this ideal case of semi-automatic 
welding disappear. The operator must then support 
the weight of the holder end and maintain a reasonably 
constant distance between the end of the nozzle and the 
work. In this case the automatic welding head is solely 
an electrode feeding device. The time saving over 
straight manual welding is equivalent to the time lost by 
the hand welder in changing electrodes. 


¢ © ¢ 


The Chrome Alloy Products, Inc., is now a subsidiary of The 
Midvale Company. 































































































N ANY discussion of the adherence of zinc coatings 
I the subject naturally divides itself into two considera- 
tions, first, that of securing the adherence of molten 
zinc to bare iron or steel during the coating process and 
second, that of obtaining a coating which will subse- 
quently withstand deformation without losing its 
adherence to the steel base. 

The first problem is not particularly difficult, the 
second is anything but easy. 

The ease with which zinc alloys with iron in the 
ordinary hot dip galvanizing process makes the securing 
of a continuous and adherent coating of. zinc compara- 
tively simple. If the surface of the iron or steel article 
has been properly prepared by pickling, and coated 
with a suitable flux, the molten zine will readily ‘‘ wet”’ 
it as soon as the base reaches the temperature of the 
zinc bath. Because of this property of readily ‘ wet- 
ting’’ iron or steel, zinc has a distinct advantage over 
tin or lead in the hot coating process. The bothersome 
defect of pin holes so common to tin, terne and lead 
coated products is much less apparent in galvanized 
products and, even though a few pin holes do exist in 
these latter, the well-known electro-protective character- 
istics of zine coatings with respect to iron under many 
service conditions will prevent rusting of the base either 
in these areas or where minor abrasions of the coating 
may have exposedit. The rusting between coating and 
base frequently observed along deep scratches or at pin 
hole points in tin, terne and particularly lead coatings, 
with some attendant exfoliation of the coating, never 
occurs in the case of zinc coatings. 

However, this simple picture of zinc coating adher- 
ence is completely changed when the coating is deformed 
or stressed. The relatively low 
malleability and poor adherence of 
zinc coatings as compared with tin, 
terne or lead coatings has been one 
of the major problems confront- 
ing the producers of galvanized 
sheet and wire for many years since 
large tonnages of these products are 
subjected to severe deformation 
either in some fabrication process 
or in the course of their ordinary 
use. Until comparatively recent 
times the galvanizers had only one 
solution for this problem which 
was to reduce the thickness of the 

zinc coating. They discovered 
ong ago that the malleability of 
zine coatings increased as their 
thickness decreased and the prac- 
tice of putting thin coatings on 
material which is to receive severe 
fabrication has been general 
throughout the industry. How- 
ever, with the development of the 
Crapo process! to secure heavy 
coatings with good bending prop- 
erties on iron wire, principally for 
teleph one and telegraph use and the 
patented process? of heat treating 
wires and sheets immediately upon 
* Of Singmaster & Breyer, Consulting Engi- 
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leaving the galvanizing bath, there are now available 
to the galvanizers methods of securing somewhat heavier 
zinc coatings on certain classes of products at no sacri- 
fice in coating adherence. But the great bulk of wire 
and sheet products for severe fabrication service is stil] 
made with light coatings. 

Although a study of the bending properties of zine 
coated products has been made by many investigators 
on various occasions, the literature on this subject is 
very meager. The articles of Bablik* and the pre- 
viously mentioned patents of Crapo and Herman con- 
tain most of the interesting information. While the 
fundamental principles controlling the adherence and 
ductility of zine coatings are far from being well 
established, there are, however, certain factors which 
are known to have an influence ‘on the production of 
ductile, adherent coatings in many cases. ‘These are 
briefly discussed in the following paragraphs. 


ZINC COATING STRUCTURE 
The structure of zine coatings is undoubtedly the 
most important single factor in determining their 
ductility and their adherence. But unfortunately our 
knowledge of the various structural features to !\° seen 
in the coatings and their relation to the properties of 


ductility and adherence is still too limited to warrant 
the drawing of very definite conclusions as to the exact 
part the structure of the coating plays in deter:ining 
these properties. 


Metallographic studies‘ of the structures ©: zine 
coatings have been made and the iron-zine alloy con- 
stituents of the coatings commonly identified as |'eZns 




















Fig. 1. Extra Heavy Zinc Coating. Mag. 350. 
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Fig. 2. Fig. 3. 
neers. Typical Heavy Zinc Coatings on Pure Iron. Mag. 350. 
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t} ZINC COATINGS 


H. | rINKELDEY’ 


and FeZn7 on the basis of the information 
obtained from the iron-zine equilibrium dia- 
gram.° 

While it is questionable whether the com- 
positions of the iron-zine alloy constituents 
of the coating are exactly FeZn; and FeZnz, 
convenience justifies their use. 

The microstructure of an extra heavy zine 
coating is shown in Fig. 1. Starting at the 
surface the various constituents of the coat- 
ing are: 





1. A relatively pure zinc layer containing a small 


percentage of iron (about 0.02 %) in solid solution. 
2. A duplex structure consisting of a zinc rich, 
iron-zine compound (possibly FeZnio) showing a 
rough irregular contact with the pure zinc layer with 
some dispersion of the compound in the zinc matrix. 
T and is more deeply etched, has a roughened 
appearance and frequently shows columnar-like crys- 
tal: ving normal to the surface of the underlying 


A dense, light colored layer of iron-zinc com- 





ym aving the approximate composition FeZn;. 

Al h not visible in the above microstructure, 

a | constituent, the iron-zine compound FeZny, 

is imes seen next to the base appearing as a Unit for Galvanizing No. 20 to No. 38 Gage Wire at Plant of 

na band darker in color than the compound Thompson Wire Co., Worcester, Mass. (Courtesy Sleeper & Hartley, 

Fe see Fig. 5). It is seldom that all of these Inc.) Fuel Oil Used for Heating Spelter. 

st al features are distinctly visible in any one 

co ind this fact is paeey responsible for a 

e ne A — Browse = 7 given gr As this band may be fairly even, Fig. 3, or have an irregular 
th investigators question the existence of the narrow, dar Nike aia 

coli alloy layer (Fig. 5) and designate the bright, light tree-like all = gy oon ie i : 

colored layer as FeZny and the band of columnar-like crystals, In Fig. 5 all the constituents are present, the pure 
gr: irregularly from its surface into the overlying pure zinc layer, the very uneven layer of iron-zinc compound 
al er, the FeZn; alloy layer. Whatever the designation more or less dispersed in the zinc, the narrow band of 
B ) these various constituents, their presence or absence, dense, bright light colored FeZn; and the still narrower 
their ‘hickness and contour is the important consideration since , | 1 FeZ, Of he letter of 

they determine to a great extent the ductility and adherence band of darker colored Fe 03. ten the layer of pure 
of the zine coating, ; zinc may be absent or so thin as to be invisible as in the 


case of asbestos wiped wire, Fig. 6, or coatings heat 


There is a wider variation in the structure of zinc iP , 
treated after galvanizing, Fig. 7. 


coatings than is generally suspected. In some cases the 
band of rough appearing columnar-like crystals growing 
into the zine matrix (constituent 2) is wide with a dense, CHARACTER OF STRUCTURE INFLUENCES BENDING 


hard but extremely brittle and 
readily fracture if the coating is 
severely deformed. With a ma- 
terial of this character forming a 
large part of the total coating and 
overlaid with a layer of cast: zinc, 
with its relatively low ductility, 
it is not at all strange that most 
hot-dip galvanized coatings have 
a low malleability. In general 
NE st SS / coatings with a fairly even con- 
REM, VR ART SY tour to the iron-zine alloy layers, 
yeet- Se EA SS ER k Fig. 3, show good bending prop- 
erties and adherence while those 
with an irregular contour, Fig. 4 
and 5,do not. Also, the thinner 
the alloy layer the better its ad- 
herence to the base. Light and 
medium weight coatings consist- 
ing entirely of iron-zinc alloy. 
o Fis. 6. Asbestos Wiped Wire Light Fig. 7. Zinc Coating Heat-treated Figs. 6 and 7, nearly always have 
ting. Mag. 380x. after Galvanizing. Mag. 350. excellent adherence. 


bright narrow layer of FeZn; beneath it, Fig. 2. Again PROPERTIES 
All of these iron-zine alloys 
Fig. 4. Mag. 380X. Fig. 5. Mag. 390%. have relatively high strength, are 
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FACTORS CONTROLLING THE GROWTH OF IRON- 
ZINC ALLOYS 


The growth of these various iron-zinc alloy constitu- 
ents is influenced by first, the temperature of the zinc 
bath, second, the length of time the base material 
remains in contact with the molten zinc, third, the time 
required for the coating to cool below 200° C. at which 
temperature the diffusion of iron into zinc is practically 
arrested, fourth, the chemical composition of the base 
and fifth, the composition of the zinc bath. Theoreti- 
cally, these conditions can all be varied, some of them 
over a very wide range. However, practical considera- 
tions in the galvanizing operation seriously limit the 
possible variation of the first three factors. Neverthe- 
less, despite this restriction imposed by operating 





Fig. 8. Asbestos 


Wiped Light 


Coated Wire. Mag. 10. 


conditions, considerable improvement in coating ad- 
herence and ductility can be effected through the control 
of the iron-zine alloy growth. 


CRACKING NOT A CRITERION OF BENDING 
PROPERTIES 


It is a common fallacy to believe that coatings with 
poor bending properties crack while those with good 
bending properties do not. As a matter of fact all zine 
coatings crack when they are deformed. The real 
distinction between coatings classified as good and 
those classified as poor should be made, not on the basis 
of the degree of cracking which occurs, but on the basis 
of their adherence or non-adherence to base metal. 
Figs. 8, 9 and 10 show the surfaces of zine coatings 
generally considered to have very good bending proper- 
ties. The cracks apparent in the photographs are not 
readily visible to the naked eye. 

In the case of coatings having good bending properties 
the stress apparently is relieved through the formation 


Fig. 9. Coating Heat-treated after 
Galvanizing. Mag. 10. 
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of numerous fine cracks, but the coatings show good 
adherence to the base (Figs. 11 and 12) while in the cage 
of coatings having poor bending properties the cracks 
are fewer and larger, readily visible, and these coatings 
(Fig. 13) exhibit more or less peeling from the base 
metal in the region of the cracks. 


UNIFORMITY AND THICKNESS OF COATING AFFECT 
ADHERENCE 


As previously mentioned the thicknes; of zine coat- 
ings has a marked effect on their adherence and malle. 
ability. As a rule, the thin coating: on the ordinary 
‘‘tight’’ coated products, 0.3 to 0.4 oz. per square foot of 
surface with a thickness of about 0.0006” show less 
serious cracking and peeling after severe deformation 





Fig. 10. Heavy Coated Wire Char- 
coal Wiped. Mag. 10x. 


than the average heavy coated product running !.0 oz. 
per square foot of surface 0.002” thick (one side). The 
still heavier coatings found on hand dipped products 
such as nails, hardware articles, pipe and structural 
steel, which sometimes reach a thickness of 0.005”, 3.0 
ozs. per square foot of surface, nearly always show bad 
cracking and spalling even with only moderate deforma- 
tion. 


It is to be expected that the uniformity of the coating 
would have an effect on its adherence. It is well known 
that the heavier (thicker) the zine coating the greater is 
its non-uniformity, which may be a factor in explaining 
why heavy zine coatings, as a general rule, have poor 
adherence. The following table gives some idea of the 
uniformity of coatings on light, medium and heavy 
coated sheets. 

Wide variation in coating adherence at closely ad- 
jacent spots on the same sheet can usually be seen on 
such articles as leaders and gutters, special shaped rail- 
road car roofing sheets and similar severly formed prod- 





Weight of Coating Reported in Ozs. Per Squar> Foot of Surface and Separately Determined on Each Side of the “Nine Spot Test Specimens” 


Sample 
No. Type Gage 1 2 3 4 
1 “Tight coat 26 0.47 0.45 0.40 0.42 
0.44 0.37 0.40 0.36 
9 


Medium 26 0.68 0.58 0.57 0.57 





5 6 7 8 9 Average Min. Max. 
0.37 0.30 0.45 0.34 0.43 0.40 0.30 0.47 
0.42 0.47 0.35 0.31 0.39 0.39 0.31 0.47 

0.79 
0.50 0.55 0.60 0.45 0.60 0.56 0.45 0.68 
0.50 0.60 0.55 0.55 0.54 0.60 0.50 0.74 


| 
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Fig. 11. Asbestos Wiped Wire. 
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Fig. 12. Heat-treated Wire. 





Fig. 13. Charcoal Wiped Wire. 


Wires Wrapped on their own Diameter. Mag. 350. 


iets made from galvanized sheets. While undoubtedly 
other factors play their part in causing this spot to spot 
variability in coating adherence, the question of coating 
uniformity should not be ignored. 


COATING DUCTILITY AND ADHERENCE VARY WITH 
SPEED OF DEFORMATION 


The rate at which the zinc coating is deformed is also 
a factor in determining its adherence. Most wire 
fence weaving machines, power driven brakes and form- 
ing presses fabricate the zine coated articles at high 
eeds which places an added burden on the galvanizer 


~ 


‘7 
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in attempting to produce coatings with good bending 
properties. Very little is known regarding the physical 
and mechanical properties of the FeZn-alloy except that 
it is an exceptionally brittle material and as such would 
be very sensitive to the rate at which it is deformed. 
The more or less pure zine layer overlying the iron-zinc 
alloy, we would expect to perform in a manner similar to 
ordinary zine which exhibits wide variations in ductility 
depending upon its rate of deformation. Drawing 
further ‘on our knowledge of zinc, we would naturally 
expect the malleability of galvanized coatings to show : 
similar sensitivity to the temperature at which the 
fabrication operation is carried out. The writer’s 
experimental data covering this latter point is extremely 
scanty but it would appear to be a matter worth 
further investigation by the commercial fabricators of 
zinc coated articles. 


ZINC BATH COMPOSITION AFFECTS DUCTILITY AND 
ADHERENCE 


The chemical composition of the zine bath in the hot 
galvanizing operation has a pronounced effect on the 
ductility and adherence of the zinc coatings produced. 
In the case of heavy coatings the physical properties of 
the pure zine layer of the coating play an important part 
in determining the bending performance of the entire 
coating. Since very thin plates of cast zine of high 
purity show a much greater ductility than similar 
plates cast from ordinary Prime Western spelter con- 
taining appreciable amounts of lead and cadmium, it is 
only to be expected that the purity of the zinc used in 





the galvanizing operation would have a marked effect 
on the bending properties of the coatings produced. 
This fact has been recognized by manufacturers of 
heavy coated telephone and telegraph wire, all of whom 
use “‘ High Grade’”’ zinc (lead less than 0.05%, cadmium 
less than 0.01%), and also by one producer of extra 
heavy coated sheets which subsequently are to be 
corrugated and fabricated into flumes and highway 
culverts. Where adherent coatings are required, 
Bablik® considers cadmium a detrimental impurity in 
the zine bath since it has an accelerating effect on the 
growth of the iron-zine alloy. His experiments indi- 
vate that the higher the cadmium content the thicker 
the iron-zine alloy layers produced and the poorer the 
bending properties of the coating. 

Aluminum is often added in small percentages 
(generally less than 0.01%) to the galvanizing bath to 
increase the fluidity of the molten zinc but such use has 
been confined chiefly to the galvanizing, by the hand 
dip process, of fabricated sheet metal articles such as 
buckets, ash cans, etc., because even the addition of 
these small amounts cause trouble from uncoated spots 
in the ordinary galvanizing of wire or sheets. How- 
ever, within the last year a process has been patented? 
by one of the large sheet galvanizers covering the use of 
2.5-8% aluminum in the zine bath to secure coatings 
with good bending properties. 

Tin is also added to sheet galvanizing baths, usually 
not in excess of 0.6%, to improve the brightness and 
appearance of the spangles on the sheet. Apparently 
this amount of tin has no marked effect on the formation 
of the iron-zince alloy layers although it seems to have a 
slightly adverse effect on the ductility of the coating due 
probably to its embrittling effect on the pure zinc 
layer of the zinc coating. 


BASE COMPOSITION A FACTOR IN COATING 
ADHERENCE 


The chemical composition of the iron or steel base 
material is known to have an effect on the adherence of 
zinc coatings. For example, great difficulty is ex- 
perienced in securing a ductile, heavy zine coat on pure 
iron wire and steel wire of low carbon content while zinc 
coatings on wire having a carbon content of approxi- 
mately 0.6% generally have 
excellent bending proper- 
ties. There is also some evi- 
dence that the zinc coatings 
on rephosphorized steel of 
medium carbon content 
have good ductility and ad- 
herence. While no complete 
explanation has been offered 
for the presence of carbon 


Sheet Galvanizing Machines 
Provided with Hoods for Carry- 
ing Off Fumes. (Courtesy Uni- 
ted Engineering and Foundry 
Company.) 
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and phosphorus in the base material having an effect on 
the adherence of zinc coatings, it is very possible that 
they influence in some way the character of iron-zine 
alloys formed. 

The effect on these properties of the other usual 
impurities in the base material such as sulphur, man- 
ganese, silicon and copper or of alloying agents, nickel, 
chromium, vanadium, cobalt, etc., has not been studied 
to any great extent. 


ADHERENCE AFFECTED BY SUBSEQUENT HEATING 
OF GALVANIZED COATINGS 


The adherence of galvanized coatings is sometimes 
affected by the growth of the alloy layer in tue coating 
through heating after the galvanizing operation. The 
peeling of zine coatings from galvanized sheet iron 
smoke pipes in the ordinary household furnace is 
familiar to many. This same type of peeling has been 
noticed in galvanized structural steel where, as soon as 
the angles or shapes leave the galvanizing pot, they 
have been stacked unquenched in such a manner that 
their cooling has been seriously delayed. This heating 
at the temperature well below the melting point of zinc 
causes a growth of the iron-zinc alloy with an attendant 
consumption of most of the zine in the pure zine layer 
and, for some reason not clearly understood at present, 
destroys the bond between the alloy layer and the 
layer of pure zinc that remains so that the latter peels 
from the surface in much the same way as paint films do 
from the surface of smooth, bright galvanized iron. 
Paradoxically, if the coating is heated at a temperature 
above the melting point for a short time, as soon as 
the material leaves the galvanizing pot as in the case of 





the “galvannealing”’ process, all of the fluid zine will be 
converted to gray colored iron-zinc alloy, no thin layer 
of zinc remains to peel away from the surface and a 
coating with good adherence is obtained. 


CORROSION OF DEFORMED ZINC COATINGS 


Since the real purpose of zinc coatings is to protect the 
base metal from corrosion, the important question to be 
answered from a practical standpqint is not how much 
or how little the coating cracks but how well the coating 
protects the base metal after it has been deformed. It 
is obvious that coatings which flake or peel away from 
the base offer no protection against its corrosion. On 
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the other hand visible cracks in deformed coatings do 
not necessarily imply the rapid destruction of the base 
at this point. The question of how much protection 
zinc affords bare, exposed iron through its well-known 
electro-chemical characteristics is one which has been 
investigated by a number of authorities. It is the 





Cooling Wheels at Weirton Steel Company. (Courtesy 
United Engineering and Foundry Company.) These 
wheels are driven from the roller levelers by silent chains. 


general consensus of opinion that zinc protects the base 
only over a very limited area. However, even where 
the zine coating fails with large cracks, the area of the 
base metal exposed is very small and undoubted|y the 
zinc in the adjacent coating gives considerable protec- 
tion. Whether this protection is electro-chemical or 
results from the filling up and sealing of the crack with 


innocuous zinc salts is still an unsettled question. ‘There 
is strong evidence for believing, however, that the latter 
mechanism of protection plays a 


very important part in preventing 















Galvanizing 
Units at the 
plant of the 
Gulf States 
Steel Company, 
Gadsden, Ala. @ 
(Courtesy Wean 
Engineering Co. ) 


the rapid rusting of exposec base 
metal particularly in salt «‘mos- 
pheres. A study of the atmospheric 
corrosion of deformed zinc coatings 
made by several investigators shows 
that the heavier zinc coatings, even 
though they are badly cracked in 
forming as long as they do not peel, 
afford better protection to the base 
than the thin so-called “tight”’ zine 
coatings which show no visible 
cracks after fabrication. 


CONSUMER DEMANDS FORCING 
DEVELOPMENT OF GALVANIZ- 
ING PROCESS 


The greater attention given to the 
corrosion problem to-day by con- 
sumers has awakened an interest in 
better protective coatings of all 
sorts on the part of both the 


producer and consumer. In the particular field of 


galvanized products the use of heavier zinc coatings has 
been advocated by many large consumers of these 
products. At the same time there is a growing demand 
that is becoming more insistent every year for more 
ductile zinc coatings which will permit the use of 
heavier coatings on sheet and wire products that must 
withstand severe fabrication operations. These de- 
mands find their expression in more rigid specifications 
for zinc coated articles and such specifications are be- 
coming more widely used every year by the consuming 
interests. The producer of these galvanized products 
finds himself in a difficult position in attempting to 
satisfy the demand for heavier and more uniform coat- 








November, 1931 


ings on one hand and a demand just as insistent for 
ductile and more adherent zinc coatings on the other. 
The very nature of the zinc coating makes the solution 
of this problem a most difficult one. The two most 
outstanding recent developments in the art of galvaniz- 
ing, the Crapo process for galvanizing wire and the so- 
called ‘‘galvannealing” process for wire and sheets, have 
both come about through an effort to solve this problem. 
However, these new processes are at present used in 
coating only a relatively small part of the total tonnage 
and the general improvement in the malleability of the 
great bulk of galvanized products, particularly sheets, 
is still to be made, 

Future development of the galvanizing industry 
should be along the lines of the production of heavier 
and more uniform zine coatings having better ductility 
and adherence in order to meet the increasingly more 
rigid and discriminating demands of the consumer as 
well as the keen competition now offered by the non- 
metallic roofing materials. Should advances of this 
kind be too long delayed, the past well established out- 
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lets for galvanized sheet and wire products, which al- 
ready show signs of weakening, will be seriously re- 
stricted if not lost altogether. 
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Editorial Comment continued from page 252 


Notched-Bar Tests 


as not so long ago that notched-bar impact tests 


we: looked upon as of purely academic interest. Some 
v me makers of aircraft crankshafts even thought 
tl »w-impact shafts had at least as good a record as 
hic .-impact shafts, though a crankshaft would hardly 
seo. to be a part in which impact would play a very 
d role in service. The general expression was that 


itched-bar test shows what happens in a notched- 
bar .cst,”’ and nothing more. 

‘here have, however, been some strong adherents of 
noiched-bar testing, notably Hoyt in this country, and 
Aitchison in England, and the general present trend 


secs to be toward their point of view. 
We recall a talk by J. B. Johnson, of Wright Field, in 
which he showed slides of airplane landing gear parts 


which persisted in failing until material and treatment 
were used that gave high impact values, when the diffi- 
culty disappeared. 

Although endurance tests do not themselves-indicate 
it, notch-toughness seems to be needed in materials for 
severe service under repeated stress. No quantitative 
formula is known by which notched-bar figures can be 
tied in with endurance, but for many types of service, it 
is certainly advisable to sacrifice something in respect 
to the endurance limit as determined in the laboratory, 
in order to gain something in toughness. 

‘It is true that the use of notched-bar specimens of 
different widths and depths, and with different notches 
will sometimes place two materials in a different order, 
and it may be necessary to use two sizes of bar to get a 
sufficient picture. Yet when such cases occur, they 
cause confusion only when the engineer brings his eye 
too close to them, and tries to deduce too detailed con- 
clusions. If he is chiefly guided by the general order of 
magnitude of the values, he gets pretty reliable and 
useful information. 

_ Itis sometimes cited against the notched-bar test that 
it may, as it generally does in the case of low-tempera- 





ture tests, reveal brittleness of notched specimens that 
is not marked if there is no notch present, but this is 
really a virtue. As long as engineers persist in using 
that abortion, the ordinary type of key-way, and forget 
what they know about the effect of sharp corners and 
poor fillets, it is worth while to have a test that will 
indicate something about the ability of material to 
withstand that sort of abuse. 

It is widely bewailed that the figures for Izod and 
Charpy bars, and for each in different sizes and with 
different notches, cannot be accurately converted over 
into some uniform pounds-per-square-inch basis. Some 
degree of standardization would be desirable, but after 
all, perhaps the situation is somewhat of a blessing in 
disguise because it tends toward the use of the data 
more for the placing of a group of materials in some 
relative order than for the drawing of too fine haired 
distinctions. 

If one is shy on material, he can get more check tests 
by using the Izod. If he wants to study high- or low- 
temperature brittleness, the Charpy is far more con- 
venient. With a given type and size of bar, the use of 
different notches often throws light on the properties of 
the material, and different sizes of bar are naturally 
required in testing such extremes as cast iron and 
Monel metal. 

The case for repeated-impact notched-bar tests seems 
less well proven, though some metallurgists put con- 
siderable reliance upon them. They might be more 
popular around the laboratory if they didn’t involve 
such a nerve-racking noise. 

The tendency toward including impact tests in any 
general survey of the properties of alloys is to be com- 
mended. The test is rapid and cheap, and it does give 
information that is useful if it is interpreted with the aid 
of considerable common-sense.—H. W. GILLETT 


Editorial Comment continued on page 276 
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HE atomic hydrogen process of welding was 
developed several years ago in the research labora- 
tory of the General Electric Company. Working 
on an entirely unrelated problem, an engineer discovered 
that the passing of hydrogen through an electric arc 
intensified its affinity for other ele- 
ments, particularly oxygen. Hydro- 
gen, as commonly furnished for com- 
mercial purposes, is in the molecu- 
lar state. Each molecule is com- 
posed of two atoms. In passing 
through the intense heat of the elec- 
tric arc these atoms are separated 
and are in an unstable and extremely 
active state. Either a reunion to 
form molecular hydrogen or a union 
with another element to form a 
stable combination will occur at the 
first opportunity. Encouragement 
in this combination is furnished by 
contact with a relatively cold sur- 
face. Such characteristics suggested 
the possibility of developing a weld- 
ing process, as the energy imparted 
to the gas by the are would be re- 
leased by contact with the parts to be 
welded and the reducing action of 
the gas would assist in purifying the 
weld metal. 

A description of Fig. 1, which 
is a purely hypothetical apparatus, will assist in visual- 
izing this. Two electrodes project inwardly through 
the walls of a tube in a position which would cause 
them to intersect at an angle of about 60°. The 
tube is of a heat resisting material of sufficient trans- 
lucency to allow a clear view of the are although im- 
pervious to the ultra-violet light which is dangerous 


* Genera! Electric Company, Schenectady, N. Y. 
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SCIENTIFIC phenomenon is 
always interesting, at least to 
scientists, but it is not very valu- 
able till somebody puts it to work. 
Putting it to work requires a 
thorough knowledge of the scien- 
tific principles involved, suitable 
facilities, much patience, the will 
to accomplish and besides all that, 
a special brand of engineering abil- 


The General Electric Company is 
outstanding in its ability to trans- 
late the findings of its research 
staff into improved products or 
better ways of making old ones. 

Welding with atomic hydrogen, 
described in this article, is a trans- 
lation of ‘‘high-brow’’ physics into 
everyday shop practice. 


BY J. T 


to the eyes. Current flows through the electrodes, 
causing an are to form at their converging ends. Hy- 
drogen flows through the tube and that which passes 
through the are stream is converted into atomic hy- 
drogen. The well defined portion of the arc, much 
like that of a horse shoe in shape, 
is the zone of concentrated atomic 
hydrogen. Its size is dependent on 
the intensity of the current and the 
gap between the electrodes. A 50- 
ampere, 100-volt arc is about the 
diameter and thickness of a dime, 
its temperature is above 4000° C. 
and the energy imparted by it to 
the hydrogen is 5 kilowatts. The 
atomic hydrogen recombines readily 
after leaving this zone, although of 
sufficient concentration to melt 
tungsten wire an inch or more from 
the fringe of the arc. 

Obviously, considerable modi- 
fication is necessary before the 
above apparatus can be used as a 
welding tool. The perfected clec- 
trode holder is illustrated in lig. 2. 
Two jets of hydrogen, each sur- 
rounding one of the electrodes, 
replace the tube. The resu!t is 
two streams of hydrogen which 
unite at the junction of the 
electrodes, surrounded by a burning envelope. A 
handle and a means for varying the gap between the 
electrodes and compensating for consumption of 
electrodes, have been added. Current and hydrogen 
are introduced into two insulated tubes which carry the 
current to the electrodes and the hydrogen to the jets 
or tips. As the electrodes are consumed they may be 
adjusted in their respective clamps. A trigger provides 
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Fig. 2. Atomic Hydrogen Electrode Holder. 
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movement of one electrode with respect to the other 
for striking the are and for adjusting the arc length. 

In order to furnish the varying degrees of heat re- 
quired for the many welding applications, the current is 
varied through a wide range. Al- 
ternating current being more uni- 
versal and having the advantage of 
equalizing electrode consumption, is 








used in preference to direct current, 
although it is possible to use the 
latter. The equipment for control- 
ling the current is shown in Fig. 3. 
It consists principally of a panel on 
which are mounted a variable re- 
act nd the necessary contactors 
al elays for proper control. 
Changes in current are obtained by 
it ig a plug in different sockets. 
‘ing from other are welding 
ses, the electrical circuit in 
t} mic hydrogen process does 
no lude the work. The arc is 
es shed between the electrodes 
be beginning to weld. The 
fri of the fan shaped flame is 
ap | to the parts to be welded. 
The heat released by recombina- 
tion fuses the parts together in a 
b: hydrogen. Oxides, if pre- 
Se e reduced. The resulting 
wi is strong, ductile, and re- 
markably free from porosity. If 
desired, additional metal in the form | . ___ 


er wire may be fused into the 

















weld to increase the strength or to allow subsequent 
grinding. 

Many unusual welds, though not always of a practical 

nor commercial nature, have been made by this process. 

Pure zinc has been welded. Preci- 

ous metals, such as platinum and 

iridium, have been fused without 








danger of oxidation. Tungsten rods 
have been welded together although 
the weld is necessarily brittle be- 
‘ause of the nature of the metal. 
Fused quartz may be reduced to a 
molten state. The welding of lead, 
more commonly called lead burning, 
is easily accomplished. 

Continued on page 276 





Fig. 3. Atomic Hydrogen 
Power Control Equipment. 


Fig. 4. Saw in Fig. 5 after 
repair was completed. 


Fig. 5. 108 Inch circular 


steel saw in process of repair. 























(See captions on facing page.) 
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Fig. 6. Photomicrographs of low carbon steel (approx. SAE 1020 
wesed by the Atomic Hydrogen process. Heat treatment consist 
. annealing at 900°C. Mag. 100. a. Base metal as welded. b. 
oe zone as welded. c. Weld zone as welded. d. Base metal 
" ter heat treatment. e. Fusion zone after heat treatment. 
Weld zone after heat treatment. 


Fig. 7. Photomicrographs of a a chromium-high nickel 
b 


Stainless steel (18% Cr, 8% Ni) weld y the Atomic Hydrogen 
oe ges Heat treatment consisted of heating to 950°C. for 1 hour 
b pruenching in oil. Mag. 100x. a. Base metal as welded. 
A ewe zone as welded. c. Weld zone as welded. d. Base 
' atter heat treatment. e. Fusion zone after heat treatment. 
- Weld zone after heat treatment. 


METALS & ALLOYS 


Fig. 8. Photomicrographs of Nitralloy G 
welded by the Atomic Hydrogen process. Mate- 
rial of the same analysis as the base metal was 
added to fill in a ‘*V’’ groove approx. */,” deep 
and */,” wide at the top. Heat treatment con- 
sisted of heating to 950° C., quenching in oil and 
drawing to 600°C. Nitriding was done after heat 
treatment. Mag. 100. a. Base metal as 
welded. b. Fusion zone as welded. c. Weld 
zone as welded. d. Base metal after heat 
treatment but before nitriding. e. Fusion zone 
after heat treatment but before nitriding. f. 
Weld zone after heat treatment but before ni- 
triding. g. Base metal after nitriding. Dark 
section shows depth of nitriding. h. Fusion 
zone after nitriding. Dark section shows depth 
of nitriding. i. Weld zone after nitriding. 
Dark section shows depth of nitriding. 
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Turning to the more practical applications, the 
majority of installations are for the welding of light gage 
steel, that is 12 gage to 20 gage. The principal reason 
for its use here is the appearance of the weld, although 
the high welding speed obtained is also a factor. For 
the majority of products the weld is sufficiently smooth 
without grinding or finishing. Enamel can be applied 
over the weld with no more preparation than that given 
the unwelded portion. 

In direct contrast, considerable welding is being done 
on very heavy material. Large steel castings are being 
salvaged by using this process to repair flaws. The 
structure and strength of the repair are practically the 
same as the casting itself and the appearance is such that 
only a careful inspection reveals the repair. Fabrica- 
tion from heavy steel plate where strength and ductility 
are paramount is also common. A striking example of 
the welding of heavy material is furnished in Figs. 4 and 
5. A large steel saw, broken in service was successfully 
reclaimed by welding in a section to replace the part 
broken out. 

Alloys and non-ferrous metals are readily welded. 
Chief among these is that group of high chromium 
steels more generally classified as stainless steels. The 
weld, however, is generally more brittle than the parent 
metal, but is susceptible to heat treatment. Aluminum, 
brass and monel metal are other materials finding 
frequent application. 


Nitriding steels have been finding frequent applica. 
tions recently, particularly in tool and die manufacture 
Errors in machining may be corrected by building up 
the section with material of the same analysis. After the 
proper heat treatment the piece is properly machined 
and nitrided. Although the depth of the nitriding 
usually is not quite as great as in the base metal, the 
hardness is comparatively the same. 

In all types of fusion welding there generally is pro- 
duced three distinct metallurgical structures. The 
cause is very apparent when the mechanics of the weld 
are considered. The weld zone is raised to a temperature 
very close to, if not actually above, the melting point, 
The temperature of the base metal, at some distance 
from the weld, has not changed to any marked degree. 
In between these extremes is a zone which has been 
raised to a sufficient temperature to change the structure 
particularly in regard to grain size. 

In some welds these zones are clearly defined while in 
others the change in structure from the base metal to the 
weld is very gradual. The clearness with which the 
zones are defined depends to some extent on the process 
but to a greater extent on the kind of material, its mags 
and the speed of welding. Subsequent heat treatment 
tends to change the structure of the weld and fusion 
zones to that of the base metal. The accompanying 
photomicrographs are, in all cases, views of these three 
zones. 
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Editorial Comment continued from page 271 


The Technical Parasite 


Parasites are found in all walks of life and in all 
phases of human activity. They are as conspicuous 
in the technical world as elsewhere. The technical 
parasite is generally in the employ of a large manu- 
facturing concern. He attends the meetings of 
scientific and technical societies and even condescends 
to serve (?) on technical committees. While papers 
are being read or discussed he generally remains silent, 
seldom responding to an invitation to contribute to 
the discussion, more rarely still volunteering any 
information. His food consists chiefly of the crops 
laboriously raised by others and of this he partakes 
copiously and, if perchance he succeeds in raising a 
little himself, he guards it for his own consumption. 
Notwithstanding this parasitic feeding, his attitude 
instead of being one of humility and thankfulness is 
often critical, not to say arrogant. 


As a member of technical committees his work is 
generally destructive. It is obvious that his interest 
in the labor of the committee ends when, in his judg- 
ment, it ceases to benefit him. He is secretive as to 
whatever information he has or fancies to have. 
While eager to receive, he is ever reluctant to give. 
He would even prevent the dissemination of knowledge 
likely to benefit others as it benefits him. He fre- 
quently affects to be the wise possessor of knowledge 
not available to the other members. This little game 
flatters his vanity. 

What is there to be said in defense of the technical 


parasite? Certainly his vision is limited to the mone- 
tary value of his technical knowledge. He is unable 
to grasp the greater meaning, greater duty and greater 
reward attached to a more lofty conception of the 
services owed by engineers to their fellow men. He 
apparently believes that he is serving the best interests 
of his employers—that his parasitic habits make him a 
more valuable man. In this egotistical attitude is 
he not misguided, even from a purely sordid point of 
view? 

There are those who believe that a freer and more 
generous interchange of thoughts and information 
among technical men commercially engaged would 
promote progress in a way that must necessarily prove 
of much benefit to all. It is far from demonstrated 
that modern business, to be successfully conducted, 
is dependent on Chinese walls erected and guarded by 
technical parasites. It is now quite generally ad- 
mitted that honesty is the best policy, in spite of the 
immediate returns which are seemingly within reach 
of the dishonestly inclined. Let us hope that the time 
will also come when the policy of free interchange of 
thought and knowledge will be recognized as the best 
policy by those sordidly inclined, in spite of the ap- 
parent gains to be derived from a parasitic policy. 

Personally the technical parasite may be a very 
fellow, but as a member of the great industrial, tech- 
nical fraternity, he is worse than useless.—ALBERT 
SAUVEUR 
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Back-Bone 


There are always some applications for which a 
material is wholly unsuited, and for which even the 
most eager salesman or advertiser would not claim 
adaptability. There are others for which a given type 
of material is admittedly and preéminently suited. 
These extremes offer no marketing problems. But 
among competitive materials, a situation often arises 
in which, any one of half a dozen alloys for example, 
may seem at the outset to offer equal service per dollar 
of cost. No one can blame those engaged in the pro- 
duction of each of the half dozen for singing its praises, 
and trying to get it adopted for that service. 

Time goes on, and service successes and failures come 
to light. Exhaustive laboratory studies are made to 
duplicate service conditions, and real information is 
amassed. It’s not a public race, but a private time 
trial, in which the half-way post looks like a dead heat 
among all entries, but at the finish, the horses are pretty 


much strung out. Only the jockeys know the results. 
The average purchaser doesn’t known which alloy is the 
best, but the metallurgists of the producers do know. 

In a perfectly proper effort to get their material tried 
out in the race, the sales and advertising forces of all six 
producers have spent much money and effort. Each 
one may have a nice slogan that implies the superiority 
of their alloy for this service. 

What is the metallurgist going to do when he knows 
his company’s product is not the leader in the race, and 
his research shows no reasonable prospect of its being 
made so? The sales force may want to go ahead and 
sell just as long as sales can be made, whether or not the 
customer is getting the most for his dollar. The shop 
is us handling the material that is not the best for 
the purpose, and so the production staff doesn’t want to 
change to the better alloy. Perhaps the material that 
is really best is so hedged about by patent restrictions, 
real or alleged, that it is not feasible to change to it. 

As sure as God made little apples, the customers will 
find out the facts some day, and switch to the material 


that is truly the best engineering choice for the purpose. 
But they can be hood-winked and stalled off for a while. 

A somewhat similar situation arises when a lot of 
service and test data are available which show, if im- 
partially considered, that the competing materials are 
still running neck and neck, but which, by shrewd 
selection of data and the suppression of the unfavorable 
results, can be made to lead the customer to conclude 
that one is really measurably better. Or, by choosing a 
particular type of test that sounds impressive to: the 
layman but doesn’t really evaluate the properties 
utilized in service, an impressive false front can be built 
up. 

What is the metallurgist going to do when he is asked 
by the sales and advertising groups of his company for 
more technical ammunition for sales-promotion of the 
losing material? Shall he take the apparently easiest 
way, handpick his data, and serve up that which will 
make a good showing, or shall he advise that sales 
pressure for that one of the firm’s products be held off 
until research has developed something that he can 
honestly advocate as at least as good a buy for the 
customer as the competitor’s product? 

Company pride and the hope of continuing to make a 


profit on a line that can still be sold by high-pressure 
salesmanship, though not on its merits, may make the 
sales force look upon the metallurgist, who will not 
stultify himself, as a mutineer. 

The metallurgist is often in a position to see the 
handwriting on the wall as to what sort of product will 
ultimately win out, far earlier than the sales force will 
see it in decreased orders. 

Is he not short-sighted if he does not urge the manage- 
ment to trim its sails, and “stand by to come about?” 

Executives these days know that the only certain thing 
is that change will take place. Instead of being a 
mutineer, the technical man who senses that the firm is 
on a dangerous course, is the really loyal member of the 
crew when he warns of the rocks ahead. 

Back-bone enough to stand out against those who 
want to make temporary profits by high-pressure 
salesmanship instead of building up a permanent market 
on the true merits of a commodity, is usually appreciated 
by the executive. If it isn’t appreciated, that execu- 
tive’s ship is headed for a wreck sooner or later, and the 
metallurgist might as well enter the crew of some other 
ship that is steered by executives of a higher type.— 


H.W.GILLETT 
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The Electric Furnace Company, Salem, Ohio designers and 
builders of electric-, oil- and gas-fired industrial furnaces announce 
the appointment of Mr. Ray G. White as eastern sales repre- 
sentative. 

Mr. White was formerly with the Mahr Mig. Company, and 
has had over ten years’ experience in the industrial furnace field. 
He will have charge of both electric and fuel furnace sales in 
Northeastern Pennsylvania, Eastern New York and the New 
England States, with headquarters at 55 West 42nd St., New 
York City. 







































SILVER SOLDERS | a 


BY R.H | LE 


NDISCRIMINATE use of the terms welded, brazed T THE present price of silver, it is reasonable to 
I and soldered as applied to joining metals prevents expect that soldering jobs in which a really 
anyone from forming a definite conception of the strong joint, or one that will stand rather high tem. 
particular method which has been used unless additional peratures, is needed, will utilize silver solders in in. 


information is available. 
Before the development of electric welding, oxy-hy- 
drogen or oxy-acetylene torches, the term welding or- 


dinarily meant that mechanical force as well as heat the joint would seem to be worthy of investigation, 
was used in making the joint. Brazing usually referred Assuming that other factors are constant it is generally 
to joints made with brass or spelter. Soldering prob- accepted that diffusion of metals and alloys is dependent 
ably brought to the minds of most of us the use of a low upon time and temperature. When one considers that 
melting tin-lead alloy, although the term hard solder even in the case of hard solders their melting points 
was used to define those alloys which required a tem- are usually well below the fusion point of the metals to 
perature above a dull red to melt them. be joined and the time during which the solder is liquid 
Regardless of the particular name given to the method is relatively brief, one would not expect the diffusion to 
of joining metals or the procedure followed in making the be extensive and it might be only of molecular propor- 
joints, the adhesion must be sufficient to give the required tion. 
strength. The degree to which actual diffusion takes In order to study the characteristics of the bond 
place and the effect of this diffusion on the strength of between silver solders and various metals a large 
* Manager, Handy & Harman, Bridgeport, Conn. number of specimens were made at the Research Labora- 


tory of Handy & Harman 

and micrographs were 

taken at magnifications 

Fig. 1A. Copper soldered with 20% Fig. 1B. Copper soldered with 50% running from 100 io 1000 
Silver, 45% Copper, 30% Zinc, 5% Cd. Silver, 34% Copper, 16% Zinc. Mag. The difference , 


Mag. 500. Etched with NH,OH + H,O,. 500 x. Etched with NH,OH + H,O,. hard- 


ness between the solder 
and the metals in many 





7 So tae) BE ate nk SR Me Og cases makes it di‘iicult to 
Gb Gea ue BE i SS) obtain a polishe:: surface 
Siusaset: +! ot MA alg for microscopic «xamina- 

ABER SS tion that is perfectly flat. 
>» py : . * : 
. This uneven surface is 

more pronounced at the 


boundary between the 
solder and the metal 
which is the particular 
zone where diffusion 
would be most pro- 
nounced. In addition to 
the difficulties in polish- 
ing, there is the question 
of getting a reagent which 
will etch the specimen in 
such a manner as to 
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Fig. 1C. Copper soldered with 65% Fig. 1D. Copper soldered with 80% low 
Silver, 20% Copper, 15% Zinc. Mag. Silver, 16% Copper, 4% Zinc. Mag. Rectangular hol at 
500X. Etched with NH.OH + H,O,. 500. Etched with NH,OH + H.O,. bronze section silver 
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creasing degree. Hence, the various phenomena re- 
lated to the use of silver solders, such as those de- 
scribed in this article, and the hints on their prac- 
tical use, become of increasing interest. 


allow a satisfactory study of the degree of diffusion. 
Itisnot intended in this article to give a comprehensive 
review of all of the work which was done, but the study 
of the specimens proved of great interest and some 
typical examples have been selected. 
‘In general the investigation was conducted along two 
lines: 

First-—A large number of closely fitted silver soldered 


Another series of joints is shown in Fig. 2. In this 
case, the same silver solder has been used, but the joints 
have been made with different metals. All of these 
micrographs were made at 500 diameters, because with 
closely fitted joints of this type the maximum space to 
be filled with the solder will seldom exceed 0.002” and 
it was desired to get sufficient magnification to deter- 
mine even a slight degree of diffusion. 

As would be expected there is considerable variation 
in the different micrographs. In each case, however, 
there is a very definite zone of diffusion. 

Specimens for a further study of the diffusion of the 
silver solders were made as follows: 

Holes '/;” in diameter and approximately */;” deep 
were drilled in small blocks of the metal being investi- 
gated. This hole was filled with solder and covered with 
borax flux. The specimen was then put in a small 
electric muffle furnace and kept at temperatures ranging 
from a few degrees to several hundred degrees above the 
liquidus point of the particular silver solder which was 


Fig. 2B. Nickel silver soldered with 
50% Silver, 34% Copper, 16% Zinc. Mag. 


500 x. Etched with NH,OH + H.0O,. 500 x. Etched with acid ferric chloride. 








joints were made using different metals and alloys. 
~ Second—A study was made of the amount of diffusion 
in sp ens which were kept in contact with the molten 
solde: eriods of 30 minutes to 2 hours. 
Th st set of specimens illustrated in Fig. 1 were 
made from cold rolled 
copp’ rip, 14 gage X 
5/." ‘¢ r 
/s" wide. Carefully Fig. 2A. Brass soldered with 50% 
fitted itt joints were Silver, 34% Copper, 16% Zinc. Mag. 
mad The joints 
were | ‘d with an oxy- 
acetviene torch toa 
temperature just above 
the liquidus of the solder, 
care being taken not to 
over! ne copper more 
than necessary for 
the flowing of the 
differ: solders. The 
joints were then polished 
and etched for micro- 
scopic examination. 
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dered and then s bjected 
to severe bending tests. 


Fig. 2C. Nickel soldered with 50% 
Silver, 34% Copper, 16% Zinc. Mag. 50% Silver, 34% Copper, 16% Zinc. 
500x. Electrolytic Etch. 


Fig. 2D. Monel metal soldered with 
Mag. 500. Electrolytic Etch. 


f 
} 















































280 





METALS & ALLOYS 





Vol. 2, No, 5 


































F i g. 3 A. F i g. 3 b 
65-35 » Brass 65-35 Brass 
and solder and  solde 
containing containi “ 
20% Silver, %, Silvee 
45%, Copper, 5% Co ‘ 
30% Zin Cc; 30% Z inn 
1500° F. Mag 1600° F at 

: - Mag. 
7x. 7. 

25 I GN At 2 he 

Fig. 3c. | XU. ae Fig. 3D. 
63-35 4 Brass . nee —: 65-35 Brass 
and solder . eS at Vd bias and solder 

PD por ; ata inn 
ee as sn *iniae 
45% Copper, WAS" Gave aid lh 457, Copper 
30% Zinc, , bot ae ak 30% Zine, 
SpeCedeninm ‘i 3 te S7%Ca imium 

2 r. a ‘ c 2 hr. at 
1500° F. Mag. : 3h 1600° F. Mag, 
100 x. : 100 
being tested. The upper part was greatly increa by a 
of the specimen was cut away small amount of super-heat 


to insure the removal of any 
oxidized portion and the sur- 
face polished for microscopic 

examination. 

Fig. 3 shows the effect of 
heating for a period of one 
half hour at two different 
temperatures. The brass used 
in these specimens contains 
65% copper and 35% azine. 
The flow point or liquidus of 
the solder was 1500° F. and it is 
quite noticeable that the diffusion 
at the liquidus point is very much 
slower as compared with a temperature 
100° above the liquidus. 

Fig. 4 illustrates the difference in the rate 
of diffusion in copper and iron as compared 
with brass as shown in Fig. 3. 

It is difficult to select a few random photo- 
micrographs that will show all of the inter- 
esting points that were developed by an 
investigation of this kind. The microscopic exami- 
nation of the specimens themselves under different 
magnifications allows a much better opportunity for 
comparative analysis, but the general conclusion from 
all of this work was to the effect that in all the speci- 
mens examined there was a definite zone where actual 
diffusion had taken place. 

The actual penetration of the solder was slight, but 







Joining wide sec- 
tion of extruded 
bronze. 


above the liquidus of the 
solder. This point may 
have an important bearing 
upon the advantages of us- 
ing silver solders with rela- 
tively low melting points 
even although the joints are 
made at temperatures con- 
siderably above the liquidus 
of the solder. 
The Practical Use of Silver 
Solders 

The following comments which 
are based upon a wide range of lab- 
oratory and field tests in connection 
with silver solders and brazing alloys, may 
be of interest. 

The selection of the proper grade of 
solder is important. In many instances 
the first cost of the solder is given too 
much consideration. This attempt 
economize may result in increased labor 
costs, defective joints or damaged parts, which will 
more than offset any saving made in the purchase 
price of the solder. The list of silver solders given 
A. 8. T. M. specification B73-28T covers the range 
which should meet the majority of industrial require 
ments. Where unusual conditions have to be met, 
it may be desirable to have special solders, but more 
attention to the correct use of these standard silver 
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solders will eliminate the necessity for special alloys. 
Specifications alone, however, are not sufficient and 
the solder should be purchased from some reliable 
source, in order to insure having a product which 
has been properly manufactured and does not contain 
oxides and harmful impurities which will not be dis- 
eovered under ordinary chemical analysis. The method 
of heating, the quantity and quality of 
fux and the provision of suitable equip- 
ment must be given attention in order to 
make good joints with efficiency and mini- 
mum cost. 


The heating may be done in furnaces, 
electrical resistance devices or by torches. 
The most common form of torch is 


the gas and air. This torch, how- 
ever, does not have the flexi- 
bility of the gas and oxygen or 


oxy-acetylene torch. The oxy- 
acetylene torch has the ad- 
vantage of a wide range 
of temperature between 
different parts of the flame 
and also characteristics of 
the flame can be changed 

so that a reducing flame of 
high nperature can be 
mail |. The workman 
who .ccustomed to the 
gas air torch may have 
som ficulty with over- 
heat with oxygen-gas or 


F i 4A, 
Copper and 
solder con- 
taining 20%, 
Silver 415% 
Copper, 307, 
Zinc, 5°, Cad- 
mium i/s 
hr. at 1500° F. 
Mag. |' 
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Silver soldering 
on armature. 




























oxy-acetylene when he first attempts to use them, but 
he will soon acquire the necessary skill. When a torch 
is used for heating the joint, it is advisable to have the 
light conditions as constant as possible. When work 
benches are set at the windows the effects of cold 
drafts of air and varying light conditions during work- 
ing hours or from sunny to cloudy days have a mate- 
‘ial effect and are often the cause of defec- 
tive work. 

The majority of fluxes for use with 
silver solder or brazing alloys have either 
borax, boric acid or a combination of 
these as their principal ingredients. The 
alkaline bifluorides are used in combina- 

tion with borax or chlorides where re- 
fractory oxides, not readily soluble 

in borax, are likely to form. All 
parts of the joints should be 
well protected with flux. Bare 
spots which are not protected 
with flux during the pre- 
liminary heating are almost 
certain to become coated 
with films of oxide and 
the workman does not 
feel that he can take the 
time to put on more flux. 
Consequently the molten 
flux, although it may 
finally spread over these 
areas, does not have sufficient 
time to entirely dissolve these 









































Fig. 4B. 
Copper and 
solder con- 
taining 20% 
Silver, 45% 
Copper, 30% 
Zinc, §% 
Cadmium. 
1/4, hr. at 
1600° F. Mag. 
100x. 


















Fig. 4D. 
Iron and sol- j 
der contain- q 
ing 40% Sil- ‘ 
ver,30% Cop- ] 

r,28%, Zinc, 
bo; Nickel. 1/, 
hr. at 1600° F. 

Mag. 250 x. 
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films and poor joints will be the result. This point 
does not seem to be realized even by skilled men, who 
have been brazing metals for many years. 

Before applying the flux it is important to see that the 
joints are clean. In addition to this, well fitted joints 
will materially help and will reduce the amount of solder 
required. 

Proper jigs for holding the parts are also a factor which 
is not given enough attention. Wherever possible, the 
workman should be free to devote his entire attention to 
heating the joint properly and being ready to bring the 
solder under his torch as soon as the required heat is 
reached. He only has two hands and if he is trying to 
hold the pieces together and at the same time handle the 
solder and the torch, best results cannot be expected. 

Two of the complaints most often heard in regard to 

the use of brazing alloys and silver solders is “ balling up”’ 
and pin holes. If the right grade of solder has been 
selected, the joint cleaned, well protected with flux and 
then brought to a temperature above the flow point of 
the solder there will be no balling up. When this trouble 
does occur, the tendency on the part of the workman is 
to apply more heat, thinking that he will overcome the 
difficulty, whereas the chances are that the balling of the 
solder has forced part of the solder above the flux line, 
and the added heat is only going to increase the oxida- 
tion. In addition, this high temperature is likely to 
cause the solder which has already joined to diffuse 
rapidly into the parts and in extreme cases, holes will be 
vaten into the metal. The remedy for‘ balling up’”’ is to 
put more flux on the solder and along the joint and then 
heat the joint long enough for the flux to dissolve any 
oxide films that have formed. As soon as the oxides are 
dissolved by the flux it will be found that the solder will 
flow freely. 

Pin holes may be due to several causes; dirt, inclu- 
sions of flux, improper heat and oxides are some of the 
most common. The basic factors governing successful 
work are so simple that it would seem unnecessary to 
constantly repeat them, but experience has shown that 
simple as these fundamental principles are, they are 
often neglected or only partially understood. It should 
be remembered that in making soldered joints we are 
really producing relatively thin castings. We all know 


what great care is taken in making castings to h: 
gating and a sufficient number of runners s 


metal will flow freely and gases, dross or foreig 


will escape from the metal before it sets. 
silver solders we often flow them for co 
distances along the joints and the effect of th: 
action is quite dependent upon the fluidit 
flux and the solder. In the case of welding wi 


Silver brazing on radiator. 
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or brass welding rods of low melting point the conditions 
are quite different. T he casting is of relatively large 
size and the metal is flowed on in successive layers, 
thus giving an opportunity for inclusions to rise to the 
surface, and the unequal heating which may occur in the 
long silver soldered joints does not occur. Many times 
when a long joint is to be soldered, one part will be 
heated more than another and if the joint as a whole is 
not heated to a point above the flow point of the solder, 
it is quite possible that inclusions of flux or oxides may 
oecur in the cooler sections. Also the solder itself may 
not flow properly or remain liquid long enough for 
bubbles of gas to escape and pin holes will result. 

There is a feeling among some persons that high zine 
solders are a source of pin holes, because of the volatiliza- 
tion of the zinc. When it is considered, however, that 
only the lowest grade silver solders have these high per- 
centages of zinc and even those have less zinc than ordi- 
narv brazing alloys, it is difficult to logically account for 
this feeling. Forexample, No. 1 silversolder A.S. T. M. 
specification contains 10 % silver, 52% copper and 38% 
zinc. whereas the common spelter solders contain in the 
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The first part of the extensive re- 
search program conducted since 1929 
by the Michigan College of Min- 
ing and Technology on the copper 
cuprous oxide system has received 
noteworthy recognition by the re- 
cent award of the Alfred Nobel prize, 
newly instituted, to Corbin T. Eddy, 
assistant professor of physical 
metallurgy at the Michigan college, 
for his paper on ‘“‘Arsenic Elimina- 
tion in the Reverberatory Refining 
of Native Copper.” 

The second unit in the Michigan 
Tech. metallurgical research proj- 
ect, a study of the copper silver 
system, was begun some months 
ago. At the same time Assistant 
Professor Roy W. Drier started his 
investigation of the correlation of 
the physical properties of mechani- 
cally deformed copper products 
with their ultimate structure as revealed by the X-ray. Other 
members of the staff engaging in research under the general di- 
rection of Professor A. T. Sweet, department head, are Associate 
Professor N. H. Manderfield and Research Engineer Frank 
Tolonen, aided by several of the younger instructors. 





F. J. Griffiths, formerly president of the Republic Research 
Corp., has been elected director and president of the Timken Steel 
and Tube Co. M. T. Lothrop, president of the Timken Roller 


Bearing Co., has been made chairman of the board of the Timken 
Steel and Tube Co. 


0 Homer J. Buckley, President of Buckley, Dement & Company, 
hieago, IIl., delivered an address before the Steel Founders’ 
society of America, Inc., on the subject of “Straight Line 
naa to Sell Steel Castings.’’ A discussion on the principle 
of Firm Bidding, was also presented by Arthur Simonson, Vice- 
president of The Falk Corp., Milwaukee, Wis. 


Re atareus A. Grossmann, formerly Vice-president of the 
Republic Research Corp., a subsidiary of the Republic Steel 
Orp., 1s stationed at the Illinois Steel Company as a representa- 


sinh the United States Steel Corp., General Research Labora- 


a a : Dougherty has joined the Amsco Sales erganization, and 
magi With Mr. E. F. Mitchell, District Manager, in the 
surrounding and sale of Fahralloy castings in Chicago and the 


territory. 
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neighborhood of 50% zinc,.and the bronze welding rods 
approximately 40% zine. Many experiments have 
been made in regard to the use of high percentages of 
zine in silver solders and where heating and fluxing 
conditions are carefully controlled no evidence can be 
found of excessive pin holes or defective joints. More 
care in the use of flux and application of the correct 
amount of heat will eliminate most of the troubles from 
pin holes. 

Silver solders will flow into very narrow openings 
and the strongest joints can be made with a small amount 
of solder. With the present low price of silver and the 
proper supervision of the use of silver solders to prevent 
waste, even the first cost of the amount required to 
make strong joints will compare favorably with base 
metal brazing alloys. The: low flow points of silver 
solders give the added advantage of less time for heating 
and less chance for damage from overheating the parts 
to be joined. 

More detailed information regarding the use of silver 
solders is given in the Proceedings of the American 
Society for Testing Materials, Vol. 30, Part 2, 1930. 


* *¢ 


Dr. Samuel W. Stratton, chairman of the corporation of the 
Massachusetts Institute of Technology, died suddenly, Oct. 18, 
1931. 
SELLE IO ET ETNIES I SR 


Dr. F. N. Speller, a member of the Editorial Advisory Board 
of Merats & ALLoys, chairman of the Metallurgical Advisory 
Board, Director of Metallurgy and Research of the National Tube 
Company, Pittsburgh, was awarded the American Iron and Steel 
Institute medal which is given annually for the best technical 
paper of the preceding year. Dr. Speller was presented with the 
medal for his papers on Corrosion in Structural Steel, given in 
October 1926, and on Coéperative Research in the Iron & Steel 
Industry presented in May 1931. 


* @ ¢ 


Calendar of Meetings 


Third International Conference on Bituminous Coal, 
Pittsburgh, Pa., Nov. 16-21. 

American Society of Mechanical Engineers, /ngineering 
Societies Building, New York, N. Y., Nov. 30—Dee. 5. 

American Institute of Chemical Engineers, Atlantic 
City, N. J., Dec. 9-11. 

Steel Founders’ Society of America, Inc., Pittsburgh, 
Pa., Dec. 10. 





Aeroplane wing frame of Allegheny metal. A plane 
with this wing is now undergoing test flights at Roosevelt 
Field, Long Island. Tests indicate twenty-five percent 
greater strength, with the additional safety factor due 
to elimination of corrosion. The wing and plane built 
by Fleetwings, Inc. 


























razing in Controlled] } 


AN YONE who has poured a heat of molten copper 

in air would be amazed at the fluidity of molten 
copper in a hydrogen atmosphere, and the way it wil] 
crawl by capillarity into the tiniest crevices. Upon 
this property is based an industrial development in 
the joining of metals that bids fair to increase 
greatly. 


HE practicability of copper brazing in controlled 

atmosphere electric furnaces is being demonstrated 

by the reliance placed in the process by several 
manufacturers. Their entire production of certain lines 
is built around this method of assembly. Some of the 
results obtained by this rather unusual manner of braz- 
ing are set forth in this article. 

The procedure followed is to assemble the steel parts 
in a suitable manner and apply copper near the joints in 
the form of wire, chips, paste or powder. ‘The objects 
are then heated to a temperature above the melting 


point of copper in an electric furnace with reducing 
atmosphere. In this atmosphere light oxide films are 
cleaned from the steel surfaces and as the copper melts 


it flows readily on the hot clean steel, being drawn into 
joints by capillary attraction. Flux in this process is 
therefore unnecessary under ordinary circumstaiices, 
One manufacturer, The Horton Mfg. Co. of Bristol, 
Conn., has been copper brazing steel golf club shafts for 
about ten years. These golf shafts are made of high 





| carbon steel so that suitable characteristics can be ob- 
) tained from heat treatment. Steel strip with about 
| 1.00% carbon is used by this manufacturer for the 


purpose, insuring uniformity of carbon distribution 


Monitor tester for gas under pressure. . 
throughout the shaft. Only a slight amount of de- 


* Industrial Department, General Electric Company. 








Copper brazed steel golfshaft; / 
and cross section before and 
after brazing, showing copper- 
bearing steel strip drawn into 
joint. 


-Steel tube 







} 
-Copper strip \ 


Sy a 


Piston and bottom plate for refrigerator machine. Note disc brazed into end of the hollow piston and screw machine 
parts brazed into the forged disc. 






































d| Atmosphere Furnaces 


BY H. M. WEBBER* 


The commercial success of tungsten carbide tips 
for tools would be greatly limited were not this 
method available for brazing them to the shank. 

This is a notable example of the fact that anything 
with an outstanding property is almost sure sooner 
or later to find a useful application depending di- 
rectly upon that property. 


arburization occurs at the surface of the steel because 
of the hydrogen in the atmosphere, as the shafts are not 
exposed long enough in the heat to permit much reaction. 
. The tapered shaft is first formed with a butt joint 
: and then a steel strip is threaded into the seam. This 





; strip overlaps the inner wall areas adjacent to the joint, 
. and carries a piece of copper which ultimately serves as 
. the bonding material, a patented feature. 
~ When a shaft thus prepared is placed in the controlled 
g atmosphere furnace at 2100° F. the copper melts, flows 
; into the joint, forms metallic solutions with the steel, 
. and solidifies within the crevices upon cooling. A union 
“ of excellent strength is thereby produced. 
‘. After the shafts are brazed they are normalized to 
_ restore the grain structure, then hardened and drawn. 
Copper plating is commonly used for finishing off the 
J appearice and giving protection to the steel surface. 
? ’ . . ° 
. A | ry of four furnaces is used for this brazing 
h prod |, all of which are practically identical. The 
« furn: re of the muffle type, the muffles being “‘D”’ 
xt cross ion alundum tubes about 10” wide by 4” high, 
mt by 22” long. A spirally wound molybdenum wire 
m4 resist: wrapped about the tube, and maintains the 
necess: te -rature withi ‘ . 
. ecessily temperature within the chamber. Carboloy tipped tools, copper brazed. 
A water-jacketed chamber, also having a controlled 


atmosphere, is mounted at the outgoing end of the 


Refrigerator float before and after copper brazing. 
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Electric furnace 
for copper braz- 
ing tungsten car- 
bide-alloy tools 
in controlled at- 
mosphere. 


heater. An oil discharge seal provides an outlet for 
the work. 

In production, 8 shafts are slowly pushed into the 
furnace, by a mechanically operated pusher, on a charg- 
ing cycle of about 6 minutes. The brazing is thus ac- 
complished in a semi-continuous manner. The front 
end of the furnace is always open to accommodate the 
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shafts and charging mechanism, and the discharge end is 
always closed by the oil seal. 

The controlled atmosphere used within these furnaces 
is Electrolene (a gas composed largely of hydrogen and 
‘arbon monoxide). It is made in this manufacturer’s 
plant by re-forming city gas with heat and steam. 
The Electrolene producer is a vertical cylindrical electric 
furnace, having within its chamber a suit- 
ably designed retort for directing the flow 
of gas. The operating temperature of the 
producer is about 2000° F. Operation is en- 
tirely automatic and the equipment needs 
little attention other than that required for 
starting up and shutting down. 

Another application for copper brazing 
has been found in the manufacture of 
tungsten-carbide-alloy tools. One vendor 
in particular, Henry Disston & Sons, Ine. of 
Philadelphia, Pa., is developing an unusual 
family of inserted tooth saws, circular cut- 
ters, radius cutters, planer tool bits, ete., 
all of which are tipped with tungsten carbide 
alloy inserts. This new technique in tool 
making is, of course, being looked upon with 
interest. 

Bits of tungsten-carbide-alloy are inserted 
in the tools and held in place. Copper 38 
then added to the assembly in one ol the 
convenient forms and the objects are 
charged into the furnace ona tray. In this 
instance the molten copper joins readily 
with the cobalt binder and the steel shank, 
forming a good bond for holding the inserts 1m 
place. 

One advantage of this method of a& 
sembly over welding is that checking oF 
cracking of the bits is less likely to occur. 
Such difficulty has been encountered at times 


Electrolene Producer rated 300 cu. ft. output, 
25 Kw. connected load. 














ut, 
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because of the difference between coefficients of expan- 
sion of the two metals, but with uniform heating and 
relatively slow cooling rate within an electric furnace, 
this danger is not so imminent when copper brazing. 
Appearance is also a factor to be considered. 

The furnace used by the above tool manufacturer has 
a heating chamber 6” wide X 4” high X 24” long, and 
the cooling chamber has the same working dimensions. 
A sliding fire clay heat baffle and a gas tight gate valve 
are both built in between the heater and the cooler to be 
opened when transfer of work from the heating chamber 
to the cooler is effected. Work is charged on trays 
6” wide X 14” long. The front door slides at an angle 
on a cast-iron door frame, effectively sealing gas within 
the furnace, and the back door is of the hinge and latch 
type. The resistors are molybdenum wire, wound 
sinusoidally in loops on alundum slabs. These slabs in 
turn are mounted on the side walls, allowing direct 
radiation of heat from resistor to the work. 

Still another manufacturer, building electrical equip- 
ment, is using copper brazing in the fabrication of 
parts for electric refrigerator machines and other mis- 
eellancous devices. Common requirements for this 
type of work are that the parts have gas tight joints 


which will withstand reasonably high pressures. These 
requirements are easily met by the copper brazing 
proce: 

If objects are assembled tightly to begin with, little 
difficulty is encountered in having the copper flow into 
the join's. Asa matter of fact, the results improve as 
tight: increases, because molten copper is very fluid 
and is -cadily drawn into, small crevices by capillary 
attraction. In this respect it is worthy of note that no 
gap neds to be left for the occupancy of copper. It 
has b found that metal to metal joints, such as a 
press {ii, are easier to braze by this method and have 
properties superior to those loosely assembled. 

Drawn steel shapes lend themselves nicely to such 
construction, beeause they can frequently be put 
together with sleeve or interlocking joints. Refrigerator 


floats and check valves are common examples. Floats, 
which i: many instances are made of brass or copper, and 
silver soldered by hand, are inexpensively made by using 
steel instead of a non-ferrous metal. All joints, of 
course, are brazed simultaneously in one passage 
through a furnace. Check valves of complicated con- 
struction, which would ordinarily involve an elaborate 
casting, can similarly be assembled from simple shapes 
and subsequently be copper brazed, in one pass. 

Refrigerator evaporators are being fabricated in large 
quantities by utilizing the conveniences of both copper 
brazing and atomic hydrogen welding processes. 
Pressed steel parts are assembled with copper wires 
threaded through the inside, adjacent to the joints 
(ten in number), and then the end pieces as well as two 
longitudinal seams are atomic hydrogen welded. The 
assembly is thus rigid and almost complete. Upon 
passage through a brazing furnace, the copper is melted 
into the ten inside joints and the evaporator is ready to 
be sent further along into the line of production. 

Another object copper brazed: with success is a “gas 
bomb” designed to hold small quantities of the 
refrigerant used in ice machines. The gas is carried 
in these compact portable bombs at 200 lbs. pressure, 
and is used in servicing the machines. These con- 
tainers are made up of short lengths of seamless steel 
tubing, on. each end of which a cap is tightly pressed. 
In one of the caps a-screw machine part is inserted, for 
tapping off the gas. The three joints are then copper 
= azed by wrapping copper wires adjacent to the seams 
standing the objects on end on a support, and passing 


them through a copper brazing furnace. 
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Several furnaces have been developed for refrigerator 
copper brazing work, the most recent ones being the 
semi-continuous tunnel type. The bolted cover type 
and the hood or bell type have also been used for years. 
Continuous furnaces are ordinarily designed for one 
class of work, production usually warranting such an 
installation. The important feature of such furnaces 
is that a throat is used at the entrance and exit ends of 
the heating chamber, which, if designed closely to out- 
line the work passing through it, will minimize the heat 
losses at these points. 


* @ ¢ 


According to a research report published by Mellon Institute of 
Industrial Research, Pittsburgh, Pa., a novel heat-reactive mold- 
ing compound is now being produced commercially in the plant 
of Toledo Synthetic Products, Inc., Toledo, Ohio. This new 
urea-base compound, called ‘‘Plaskon,’’ was evolved at Mellon 
Institute under a series of Industrial Fellowships sustained by the 
Toledo Scale Company. Copies of the report may be obtained 
by interested persons upon direct request to the Institute. 

Fabricated ‘‘Plaskon”’ is described as unexcelled in color possi- 
bilities, combining bright colors with a hard, lustrous surface. 
Its base shade is one of neutral translucency, permitting pig- 
menting to give all colors of any intensity, either opaque or trans- 
lucent. Obviously, as indicated in the publication, infinite 
variations in mottled or striated effects are possible. 

The mechanical and electrical properties of ‘‘Plaskon”’ are said 
to be excellent; they are summarized in the report. 


* @ ¢ 


At the National Metal Exposition in Boston on September 21, 
the Heppenstall Company introduced their “HARDTEM” 
Razor Blade. They stated it was particularly fitting that it be 
announced at a Steel Convention, for “‘HARDTEM”’ is the first 
blade in this country to be produced and marketed by a steel 
manufacturer. 


* @© 


For many years The Ajax Metal Company, Philadelphia, 
operated an electric furnace department which manufactured 
electric melting furnaces now successfully used in large numbers 
throughout the world. The early part of 1931 this department 
was divorced from the parent company and is now operating as 
the Ajax Electric Furnace Corporation, 1108 Frankford Ave., 
Philadelphia; and manufactures a line of induction melting 
furnaces. 

At the same time a new division was formed and incorporated 
under the laws of Pennsylvania known as the Ajax Electric Com- 
pany, Inc., Frankford Ave. and Allen St., Philadelphia, for the 
manufacture of electric heat treating furnaces, and kilns. Mr. 
G. H. Clamer, President of The Ajax Metal Company as well as 
the Ajax Electric Furnace Corporation, is also president of this 
new division. Mr. William Adam, Jr., who has been affiliated 
with the electric furnace interests of the parent company for the 
past twelve years, is vice-president; and Mr. John E. Haig is the 
secretary and in charge of engineering. The Ajax Electric Com- 
pany has, also, affiliated itself with two of the most prominent 
Suropean manufacturers of electric heating treating furnaces; 
namely, The Electric Furnace Company, Ltd., London, and the 
Hirsch Kupfer & Messingwerke, Finow, Germany. It is thus in 
contact with all new developments in this country as well as 
Europe, effecting the electric heat treating furnace field. 

The Ajax Electrothermic Corporation, Trenton, N. J., who 
manufacture the Ajax-Northrup high frequency induction fur- 
nace, is also an affiliated company. 

The Ajax Metal Company in following this policy of diversifi- 
cation, which is in striking contrast to the more common trend 
to-day of merging, fully realizes the additional overhead involved 
in maintaining separate buildings and staffs for the various enter- 
prises, but feels that this additional expense will be more than 
offset by the greater concentration made possible on melting 
and heat treating problems which, by their very nature, are 
separate and distinct processes, and by the more prompt and effi- 
cient service which each unit can render to users of their respec- 
tive equipment. At the same time this combination of Ajax 
companies makes available an interchange of engineering knowl- 
edge on problems peculiar to their respective fields. 
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The Midvale Research Laboratory 


BY RICHARD RIMBACH 


OME day the writer 
expects to visit and 


write up for METALS 
& Auuoys a metallurgical 
laboratory which is wholly 
new—which is without 
background. It will be a 
new experience. The 
Midvale Metallurgical 
Laboratory certainly does 
not fall into that category. 
Out at Ferncliff Park they 
will proudly tell you that 
back in 1872 Midvale hired 
a European trained chemist 
by the name of Charles A. 
Brinley; that in 1875 
Midvale devised a drop test 
for axles, using by chance a 1640-lb. ram, which weight is now 
standard; that in the same year they made the first quenching 
experiments on ordnance steel; that in 1892 they improved 
Brulstein’s process for armor-piercing projectiles; that Fred- 
erick W. Taylor was Chief Engineer of Midvale; that when 
the Navy suddenly became enamored of nickel steel in the 
early nineties Midvale was able to meet its rigid test specifica- 
tions with carbon steel; that in that same decade John L. Cox 
set up at Midvale a metallographic microscope equipped for 
vertical illumination and a Roberts-Austen critical tempera- 
ture recorder; and that Midvale built in 1901 a small but real 
metallographic research laboratory, and sent young engi- 
neers to Paris for training under Osmond, Le Chatelier and 
Guillet. In that small but efficient laboratory the Siemens 
calorimetric pyrometer was improved and made much more 
accurate, and it was there that Radclyffe Furness inspired 
the development of the Leeds & Northrup recording poten- 
tiometer pyrometer. 

This interest in pyrometry is, to the writer, one of the 
most interesting features of the new laboratory. Suffice 
it to mention that the Midvale research staff bows to no 
other outfit in so far as thermocouple calibration is con- 
cerned. The latest device installed there, for instance, is a 
calibrated wide filament lamp for checking optical pyrome- 
ters... for checking more accurately and often. 

The building itself is three stories, 50 feet wide, 100 feet 
long, and entirely of brick and concrete. The supporting 
members and all floors are of heavy reinforced concrete. 
Double-faced glazed brick and metal partitions are used 
throughout except in the Chemical Laboratory, where glazed 
wooden partitions are used to combat acid fumes. The 
building is therefore practically 100% fire retardant. Ex- 





John L. Cox 
Ass't. to the President. 


terior walls are of mottled 
shades of red rough texture 
brick. All except the 
basement rooms have buff- 
colored glazed tile wain- 
scoting, presenting an at- 
tractive as well as a sani- 
tary background for the 
various equipment. 

The plans were drawn 
up by United Engineers 
and Constructors, Inc., but 
as far back as 1910 Dr. H. L. 
Frevert visualized and drew 
sketches of the “ideal chemi- 
cal and metallurgical lab- 
oratory.” In addition to 
gas, compressed air, steam, 
hot, cold and fire service water, there is an impressive 
labyrinth of electrical service for telephone, telautograph, 
etc., including: 6 and 40 volts d. c. battery service for 
instruments; 230 volts d. c. for all motor power; 110 volts, 
3 phase, a. c., for lighting; and 220 volts, 3 phase, 4 ¢., 
for resistance heating and high frequency melting furnaces. 

The equipment is the most modern obtainable. Chemi- 
cal work benches, storage cabinets and instrument tables 
are all made of lead-coated copper-bearing steel, with an acid 
and alkali-resisting enamel. The tops of the instrument 
tables are of alberene stone to insure electrical insulation, 
and to add weight for steadiness. Laboratory benches, 
where water and chemicals are used, also are topped with 
alberene stone. 

One of the illustrations shows the high-frequency induc- 
tion furnace for experimental melting, which is of 20 kw. 
capacity and melts fifteen pounds of metal in thirty minutes. 
In response to the modern demand for high-pressure high- 
temperature steels, the creep testing equipment is said to 
be the latest word. It consists of a battery of 10 creep units 
with individually controlled furnaces. In each of these, 
specimens of steel are loaded for long periods, perhaps con- 
tinuously for 6 months or a year in order to determine 
slow rate of deformation to an accuracy of 0.00001 inch. 
Not only is temperature control automatic but provisions 
are made for uniform heating of specimens with adjustments 
by spacing the winding and insulating the furnaces. For 
work at ordinary temperatures there is a Bald ‘ 
wark hydraulic testing machine of 60,000 pounds capacity 
with a Martens-Tuckerman extensometer capable of mes 
suring deformations of the order of 2 millionths of an inch 
in 2 inches. 





Francis B. Foley 
Director of Research. 
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Rockwell, Brinell and 
Scleroscope Testers. 


Leitz‘ !Viicroscope. 


Left to right: Thomas A. Makem, F. Reisinger, George W. 
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Induction Melting 
Furnace (15 pound 
capacity). 


Heat Treating Room. 


Bruce, John Rhodes, F. Houghton, Martin Mabrey, F. B. Foley, 
Gabriel Heckel, Thomas Eagan, William Kahlbaum, Walter D. 


Weikel, T. F. Schaeffer. 


Baldwin Southwark Hydraulic Testing Machine. 


A latest model Leitz outfit furnishes photomicrographs 
up to 3000 diameters. In conjunction with this the puish- 
ing equipment consists of 3 motor-driven horizontal wheels 
with varying speed control from 300 to 3000 r. p.m. The 
grinding equipment consists of a 23-in. vertical dise grinder. 
To facilitate the production of good photographs a modern 
dark room is provided on the first floor. 

The heat treating equipment of the metallurgical research 
department consists of three semi-muffle gas furnaces, a 
small high temperature furnace, a salt bath and three auto- 
matically controlled electric furnaces. The gas furnaces 
are all arranged under a hood provided with suction draft. 
For efficiency, accuracy and safety, these furnaces are all 
controlled from a bench near one end of the hood. The 
electric furnace equipment consists of a new medium-sized 
electric furnace, capable of being automatically controlled 
to = 2° F., a small bench furnace, and a vertical cylindri- 
eal furnace. The latter two are so connected that their 
temperature may be automatically or manually controlled. 
The quenching tanks are mounted on wheels, so that they 
may be placed close to the furnace where quenching is to be 
done. 

The study of corrosion of metals is carried on in a separate 
room, furnished with the usual chemical equipment, salt 
spray baths, etc., and a chemical hood in this room is so con- 
structed that the heavy gases, such as chlorine, bromine, etc., 
may be handled safely. 

The expansion of metals with temperature is studied with 
& Rockwell Dilatometer. With this machine critical tem- 
peratures and coefficients of linear expansion are quickly 


determined; it will also serve at times for heat treating small 
pieces. 

In addition to the new equipment described above, the 
laboratory is well stocked with a precision Leeds & Northrup 
potentiometer capable of measuring to 0.0002 millivolt; 
Brinell, Rockwell and scleroscope hardness testing machines; 
a permeameter for measuring magnetic characteristics, and 
Le Chatelier-Saladin and Leeds & Northrup critical tempera- 
ture instruments. 

The chemical research laboratory is on a par with the 
rest. Located on the top floor are the main analytical 
laboratory, carbon room, balance room, sample room, fuel 
room, special research room and vault. The sinks are of 
Knightware. Forced suction draft is provided through two 
sets of double hoods of the Cornell type. 


Next to the main analytical room is the balance room. 
The balances rest on felt with plate glass tops. The carbon 
room has two batteries of carbon combustion furnaces. 
This room is also provided with a balance table and space 
to accommodate four balances. A Telautograph furnishes 
direct communication with the open hearth and electrical 
furnaces. 

The fuel room is equipped for investigation of oil, gas and 
coal. 

The sample and drill room is located in the basement. 
Tests are received in this room, drilled and the drillings 
delivered to the carbon room by dumb-waiter. There are 
two drill presses, a coal grinder and other necessary sampling 
equipment. 
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Energizing Action of 





Carburization of Steel with 


HAT the addition of certain chemicals to charcoal 

will greatly increase its activity as a carburizing agent 

for steel has been known for many years. In the 
“chemically energized” carburizing compounds which are in 
wide commercial use at the present time, various propor- 
tions of sodium carbonate, barium carbonate and calcium 
carbonate are employed as accelerators. 

Despite the recognized importance of the energizing chemi- 
cals in case hardening compounds, a review of the technical 
literature disclosed surprisingly little quantitative or even 
qualitative information. The experimental data deal for 
the most part with the carbonates of the alkali and alkaline 
earth elements.':*}* The experiments of Fetchenko-Tschop- 
iwskij® cover a greater variety of compounds, but are not as 
comprehensive as might be desired. The various chemica!s 
which were tested by him were classified as follows: 1. 
Strongly accelerating carburization: Lithium carbonate; 
sodium carbonate, oxalate and acetate; potassium carbonate, 
tartrate, chromate and ferricyanide; barium carbonate. 
2. Accelerating carburization: Strontium carbonate; cobalt 
carbonate. 3. Inert: Calcium carbonate and carbide; 
magnesium carbonate; manganese carbonate; nickel car- 
bonate: aluminum carbide. 4. Retarding carburization: 
Sodium sulphate and chloride; potassium sulphate and 
chloride. 

A review of the patent files has shown that numerous chemi- 
cals have been patented as energizers. The patent specifica- 
tions, however, are only suggestive, for very little quantita- 
tive information is presented and that is of questionable 
value. Even from a qualitative standpoint, many of the 
patent specifications are very mis- 
leading. 

The work described in this paper 
was undertaken to provide a com- 
prehensive set of data on the ener- 
gizing action of a great variety of 
chemical compounds. Numerous 
compounds of sodium, potassium, 
barium and calcium were employed 
for comparison with the carbonates 
of the respective elements. When 
working with compounds of elements 
other than the four mentioned above, 
only the carbonate, oxide and hy- 
droxide were ordinarily employed, 
provided they were available. 

A complete solution of the problem 
undertaken would demand that each 
chemical compound be tried at vari- 
ous concentrations, temperatures and 
times for carburization. Due to the 
large number of compounds it was 
desired to test, such a procedure 
would have involved a prohibitive 
amount of labor and time. It was 
therefore decided to test each chemi- 


* Chemical Engineering Department, Uni- 
versity of Wisconsin. 


Battery of Carburizing Furnaces. 


BY R. A. RAGATZ’ 


cal at but one concentration, temperature and carburizing 
time. 

To compare the various energizer chemicals, equal per- 
centages by weight in each instance could be taken as a 
basis. However, such a basis of comparison leaves con- 
siderable to be desired. For example, consider barium 
carbonate, BaCO;, and barium hydroxide, Ba(OH), + 8 
H,.O. It is apparent that a comparison of these two chemi- 
cals on the basis of equal weights would be unfair due to the 
large amount of water of crystallization and combined water 
in the hydroxide. It seemed more logical to proportion the 
charges in such a way that a definite ratio would exist between 
the weight of charcoal and the weight of the element whose 
compound was under test. A 25 to 1 ratio was decided upon 
as being best suited to this work. Accordingly, whenever 
barium compounds were employed, 75 grams of charcoal were 
mixed with enough of the particular barium compound being 
used, to have 3 grams of the element barium present in the 
mixture. The amount of each barium chemical required 
was calculated from the atomic weight of bariuin and the 
molecular weight of the chemical compound. In the com- 
pilation of experimental data in Tables 1 to 9, the percentage 
by weight of the chemical in each carburizing agent is given. 


These percentages were calculated to establish a 25 to 1 
ratio between the weight of charcoal and the weig!it of the 


element under consideration. The few excepti: to this 
method of proportioning the carburizing mix are noted in the 
table. The percentages given in Tables 1 to 9 were calculated 
by slide rule, hence the last place is inexact. 

When working with compounds containing 2 metallic 


(Courtesy W. S. Rockwell Co.) 
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Various Chemicals in the 


Solid Carburizing Agents 


AND O. L. KOWALKE’ 


elements, such as sodium chromate for example, 2 carburizing 
mixes were prepared. In one, a 25 to 1 ratio existed between 
the charcoal and the sodium, while in the other, a 25 to 1 
ratio existed between the charcoal and the chromium. 

The 25 to 1 ratio is well adapted to this work, as it gives 
reasonable percentages by weight for various chemicals. 
For example, the 25 to 1 ratio demands 5.44% barium car- 
bonate and 8.45% sodium carbonate, each of which is of 
high enough concentration to exert a strong energizing effect. 


When king with elements of low atomic weight such as 
lithit | boron, the proportion of energizer is not ex- 
cessi gh. The 25 to 1 ratio demands 26.05% borax and 
17.55 ium carbonate. 

Ea jurizing agent was tested at a carburizing tempera- 
ture 750° F. (954° C.) and a total time of 4 hours in the 
furna The temperature selected is at the upper limit of 
the 1 used in commercial carburization, but was chosen 
to pel the use of the relatively short heating period of 
4 hou Che temperature of 1750° F. and the total heating 
peri urs gave a very satisfactory absorption of carbon. 

Th e of carburization produced by each carburizing 
agen | ed was gaged by two different methods: (1) The 
incre weight per square inch of surface areas (2) The 
dept! rbon penetration as measured with the microscope. 

Ste The steel used throughout the work was a hot 
rolle: c open-hearth steel, which was received in the 
form -inch diameter rod. The analysis was as follows: 

Carbon -20% 
Manganese .47 
Phosphorus .016 
Sulphur .029 








Continuous Carburizing Furnace. (Courtesy W. S. Rockwell Co.) 


When the steel was carburized, normal cases were produced, 

Specimens. The specimens were small cylinders, 
1” long and 7/;,” diameter. To secure a uniform surface in 
all instances, the specimens were finished with No. 1/0 
emery paper. Before being carburized, the specimens were 
washed in 2 changes of “high test’’ gasoline and then in 2 
changes of 95% ethyl alcohol. They were dried, measured, 
and then weighed on an analytical balance. The specimens 
were measured to determine the surface area, as it was de- 
sired to express the results on the basis of weight increase per 
unit area. 

Carbonaceous Base. Hardwood charcoal was selected 
as the carbonaceous base for the carburizing agents. Prior to 
use it was reduced to a finely powdered form. In order to 
prevent moisture changes, the charcoal was stored in a metal 
can having a tightly fitting cover. 

Chemicals. The chemicals used, except in the few 
instances noted in the tables of data, were of “C. P.”’ or 
“U.S.P.” grades, made by reputable manufacturers. Par- 
ticular care was taken to procure fresh, tightly stoppered 
bottles of those chemicals which have a marked tendency 
to absorb or lose water when exposed to the air. In some 
few instances where the quantity of water associated with 
the compound was variable, a chemical analysis was per- 
formed in order that the carburizing agent could be properly 
proportioned. All of the chemicals were reduced to finely 
powdered form just before use. 

Mixing the Carburizing Agents. The powdered hard- 
wood chareoal and the powdered chemical were mixed just 
before using. The proportions were so chosen that in each 
instance, a 25 to 1 ratio existed be 
tween the weight of charcoal and the 
weight of the element whose compound 
was being tested. 

Retorts. Al! retorts were made 
of standard 1'/,” wrought iron 
nipples 4” long, closed at both ends 
with gray cast iron caps. New pipe 
fittings were used for all retorts. 
To completely remove all traces of 
oil or thread cutting compounds, 
the fittings were first washed in “high 
test’’ gasoline, and then all surfaces 
were carefully brushed, taking par- 
ticular care with the threads 
Finally, they were heated at 1470° F. 
(800° C.) for a short period of time. 

To prevent the possibility of error 
due to contamination from a previ- 
ous run, only one kind of energizer 
was used in a given retort. How- 
ever, a retort was sometimes used a 
number of times with the same 
energizer when check determinations 
were required. 

Considerable gas is formed on 
heating the charge to the carburiz- 
ing temperature, and rather high 
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pressures are temporarily developed if the retort is not vented. 
In order to eliminate the explosion hazard from this cause, the 
retorts were vented by a hole made with a No. 50 drill. Sev- 
eral tests showed that the rate of carburization was exactly 
the same in vented and unvented retorts. Though the 
pressure initially developed on heating up an unvented 
retort is quite high, it falls off rapidly due to the gradual es- 
cape of the gas, with the result that for the greater part of 
the four hour heating period the pressure is atmospheric. 

Packing the Retorts. Four retorts were employed 
for each experiment, and 2 specimens were packed axially into 
each retort. The powdered carburizing agent was tamped 
around the specimens, avoiding the use of excessive pres- 
sures. The retorts were completely filled with the carburiz- 
ing agent. The 4 retorts were bound together with heavy 
iron wire. 

Furnace. An electrically heated muffle furnace 75/;” 
wide, 5*/s” high and 14” long was used for verforming the 
carburizing treatments. To-secure the required degree of 
temperature uniformity, a plug of Non-Pareil brick 4” thick 
and faced with !/,” steel plate was inserted into the front end 
of the muffle. The retorts were centrally located in the 
remaining free space. This heating arrangement gave prac- 
tically identical results on all 8 specimens when the 4 retorts 
were packed with the same carburiz- 
ing agent. If the plug were not used, 
the specimens toward the front end 
of the muffle would give decidedly 
lower values than those toward the 
back end. 

Temperature Measurement and 
Control. ‘Temperature medsure- 
ments were made by means of a 
chromel—alumel couple, connected 
to a Leeds & Northrup poten- 
tiometer controller-recorder. The 
thermocouple was checked occasion- 
ally with a standard thermocouple. 
After the furnace attained the car- 
burizing temperature, the fluctua- 
tions in temperature indicated by 
the recorder were usually not over 
5° F. (8° C.). 

Carburizing Treatment. The 
furnace was heated to 1750° F. 
and allowed to operate at this tem- 
perature for at least 15 minutes. 
The charged retorts were quickly in- 
serted, and allowed to heat to 
1750° F. (954° C.) with the maxi- 
mum current flowing through the 
furnace. Approximately 30 minutes 
were required for the recorder to 
regain the 1750° F. (954° C.) indi- 
cation, whereupon the heating current 
was cut down in order to secure closer temperature regulation. 
At the end of four hours total time in the furnace, the retorts 
were removed and air cooled. 


Treatment of Specimens After Carburization. After 
the retorts were completely cooled, they were opened and 
emptied of their contents. Note was made of any peculiari- 
ties of the carburizing compounds, and the specimens were 
carefully inspected for signs of attack, adherence of compound, 
presence of reduced metal, etc. The specimens were washed 
twice in 95% ethyl alcohol, dried and weighed. Weight 
increases were calculated to weight increase per unit area. 
One specimen from each retort was sawed in half, and the 
section polished for microscopic examination. Case depth 
measurements were made by means of a filar micrometer. 
Total case depth and the depth of the hyper-eutectoid plus 
eutectoid zones were determined. 
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Use of Controls. In every experiment, one retort wag 
packed with a compound which was used as a control, Jy 
working with compounds of barium, sodium, potassium and 
calcium, the respective carbonates were used as controls: 
with compounds of elements other than the four noted. 
charcoal with no energizer added was used as the control, 

The results obtained are assembled in Tables 1 to 9 
according to the periodic classification of the elements. 
Within a given group, the elements are arranged according 
to increasing atomic weight. 

In order to conserve space, only the average values ob- 
tained are included in the tabulation. Each figure fo, 
weight increase in grams per square inch represents the aver- 
age for at least 2 specimens. For case depth data, only one 
specimen from each retort was sectioned. Measurements 
were made on the section prepared at 4 positions 90° apart, 
and the figure given represents the average of these 4 readings, 
Since charcoal without added energizer and compounds 
energized with. sodium, potassium, calcium and bariym 
carbonate were used as controls, the figures given for these 
carburizing agents represent the average of several deter- 
minations. 

When there was no evidence to indicate attack of the 
steel, the deposition of material.on the surfaces of the speei- 





Continuous Gas-fired Counterflow Carburizing Furnace Installed at Brown 
Lipe Chapin Company. (Courtesy Surface Combustion Corporation.) View 
Shows Side and Discharge End of Furnace, Boxes and Return Conveyor. 


mens, or the absorption of material other than carbon by 
the steel, the weight increases were considered to represent 
carbon absorbed. In those instances where evidence promp- 
ted suspicion that the weight increase did not represent carbon 
absorbed, the figures are enclosed in parentheses. In such 
instances, the case depth data must be used as an index of 
the degree of carburization. 


Since the retorts were removed from the furnace and air 
cooled at the conclusion of the 4-hour carburizing period, 
the possibility exists that the pro-eutectoid constituents are 
incompletely precipitated in the carburized region. Should 
incomplete precipitation occur, it would not affect the figure 
for total case depth, but would result in high values for the 
thickness of the hyper-eutectoid plus eutectoid zones. How- 
ever, even though this condition should hold, it would be of 
no great importance as all specimens were treated alike 
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and hence the figures obtained would still serve as an index 
of the carbon absorbed. It may be mentioned that approxi- 
mately 10 minutes were required for the retorts to cool from 
1750° F. (954° C.) to a black heat, hence it is believed that 
the precipitation of the pro-eutectoid constituents is quite 
complete. 

In analyzing the data given in Tables 1-9, it should be 
remembered that the temperature was 1750° F. (954° C.), 
the total time 4 hours, and the proportions of the mix such 
that a 25 to 1 ratio existed between the weight of charcoal 
and the weight of the element whose compound was under 
consideration. The values given in Table 9 for charcoal 


alone with no energizing chemicals added should be kept 
in mind in reviewing the data for the various chemicals. 





Continuous Carburizing Furnace Installed at Logan Gear Company. (Courtesy 
Surface Combustion Corporation.) View Shows Charging End. 


Since the objective of this work was to obtain quantitative 
data on the energizing action of various chemicals, it will be 
desirable to consider the accuracy of the results. The 2 
specimens in a given retort almost without exception gave 
excellent checks. However, the overall accuracy of the 
experimental method should be judged by the considerable 
number of independent determinations: made with the car- 
burizing agents which were used as controls. The following 
tabulation compiled for the three carburizing agents used 
most frequently for controls indicates the accuracy of the 


data. The figures in parentheses indicate the number of 
runs used as a basis. 


Average Deviation from the Mean, Percent 


mi ase — 
E Weight cutectoid + 
shergiser Increase Total Hyper-eutectoid 
None 5.6% (70) 5.7% (68) 
Na:CO; 1.8 (17) 3.8 (17) 2.8% (17) 
BaCO; 2.1 (16) 4.2 (16) 3.4 (16) 


A detailed discussion of the data for each element is un- 
necessary, as the nature of the results is evident from an 
inspection of the tabulated data. However, it will be of 
Interest to point out some of the more important deductions 
that may be drawn. 

Numerous compounds of sodium, potassium, barium and 
calcium were tried with the object of determining how they 
compared in activity with the respective carbonates. The 
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interesting observation was made that comparable results 
were obtained with certain compounds of a given element. 
Sodium carbonate, bicarbonate, hydroxide, acetate, oxalate, 
cyanide, chromate and tungstate all gave approximately the 
same result. Potassium carbonate, bicarbonate, hydroxide, 
acetate, oxalate, tetroxalate, cyanide, ferricyanide, ferro- 
cyanide, chromate, dichromate and permanganate were 
approximately of the same activity. Barium carbonate, 
oxide, hydroxide, acetate and nitrate yielded similar results. 
In these instances, therefore, it appears that the energizing 
power of the compound is primarily determined by the metal- 
lie part (sodium, potassium or barium for the compounds 
cited) rather than by the negative radical. However, it is 
also apparent from the data that compounds other than those 
mentioned showed a decreased activ- 
ity with respect to the carbonate, 
which indicates that in those in- 
stances the radical combined with the 
metal exerted an inhibiting effect upon 
the energizing action the metallic 
part of the compound tended to exert. 

The results obtained with the cal- 
clum compounds indicate that they 
all are practically inert. The nega- 
tive result obtained with calcium 
carbonate is of particular interest, 
since calcium carbonate is used in 
commercial case hardening com- 
pounds. It appears to serve no use- 
ful purpose. The argument may be 
advanced that calcium carbonate 
plays the role of a catalytic promo- 
ter, that is, though it is inert in 
itself, it can intensify the energizing 
action of barium carbonate or sodium 
carbonate. However, experiments 
were carried out in which additions 
of calcium carbonate were made to 
compounds energized with sodium 
carbonate or barium carbonate, and 
no increase in the activity of the 
compound could be observed. 

The claims made in certain 
patents on carburizing compounds 
do not appear to be substantiated by the experimental 
results. In one patent it is claimed that organic salts exert a 
dual role, the decomposition products of the organic radical 
supplementing the energizing action of the metallic oxide. 
The data for oxalates and acetates of calcium, barium, sodium 
and potassium do not show any definite increase in activity 
over that of the carbonates of these same metals. Another 
patent covers the use of magnesium oxide or compounds 
capable of decomposing into magnesium oxide on heating. 
The experimental results indicate that magnesium compounds 
are inert. A third patent covers the use of phosphates. 
While sodium and potassium phosphates do produce a de- 
cided energizing action, they are not as effective as the corre- 
sponding carbonates. 

Quite a number of sodium; potassium, barium and calcium 
compounds having a second metal present were tried. None 
was found to have a distinctly greater activity than the 
corresponding alkali or alkaline earth carbonate. Some of 
the double compounds equalled the activity of the corre- 
sponding alkali or alkaline earth carbonate, but in many 
instances the presence of the second metal greatly reduced the 
activity. This seems to indicate that whatever energizing 
power is exhibited by compounds containing two metals is 
due to the sodium, potassium or barium that they contain. 
The second metal appears to be inert, and often exerts an 
inhibiting influence. 


Continued on page 296 
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Compound 


Carbonate 
Carbonate 
Bicarbonate 
Hydroxide 
Acetate 
Oxalate 
Cyanide 


Phosphate 
Chloride 
Fluoride 
Sulphate 


Thiosulphate 


Chromate 
Borax 
Cryolite 


Bismuthate 


Stannate 


Tungstate 


Arsenate 


Carbonate 
Bicarbonate 
Hydroxide 
Acetate 
Oxalate 
Tetroxalate 
Cyanide 
Sulphocyanate 


Ferrocyanide 
Ferricyanide 
Phosphate 
Chloride 
Sulphate 
Chromate 
Dichromate 
Permanganate 
Silico-fluoride 
Oxide 


Basic carbonate 


Oxide 


Nitrate 


Compound 


Beryl 
Oxide 
Carbonate 


Carbonate 
Oxide 
Hydroxide 
Acetate 
Oxalate 
Nitrate 
Phosphate 
Chloride 
Carbide 


Sulphate 
Chromate 
Oxide 


Basic carbonate 


Carbonate 
Chloride 
Fluoride 
Carbonate 


Carbonate 
Oxide 
Hydroxide 
Acetate 
Nitrate 
Chloride 
Carbide 


Sulphide 
Sulphate 
Chromate 
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Table 1.—Compounds of Elements of Group I 


Vol. 2, No. 5 


% Chemical Case Depth, Inches 
in Carbur- Wt. Eutectoid Character of 
izing Increase + Hyper Case at 
Formula Agent g./in.? Total Eutectoid Outer Edges Remarks 

LizCOs 17.55 (0.0525) 0.066 0.027 —Hyper-eutectoid Adherent deposit on specimens 

NazCO; 8.45 0.0400 0.064 0.030 Hyper-eutectoid ; 

NaHCO; 12.74 0.0412 0.064 0.031 Hyper-eutectoid 

NaOH + NazCOs + Aq. 6.66 0.0412 0.064 0.030 Hyper-eutectoid The sodium hydroxide was analyzed 

NaC:H;0: + 3H:0 19.14 0.0394 0.068 0.030 Hyper-eutectoid , 

NazCr04 10.43 0.0388 0.065 0.032 Hyper-eutectoid 

NaCN 8.24 0.0403 0.057 0.031 Hyper-eutectoid Th. see cyanide contained 95% 

NasPO, + 12H:0 18.04 0.0363 0.061 0.028 Hyper-eutectoid 

NaCl 9.22 0.0347 0.059 0.024 Hyper-eutectoid 

NaF 6.80 0.0292 0.054 0.021 Eutectoid 

Na2SO, 11.00 9.9858) 0.000 No carbon absorbed Specimens were severely attacked 

088 
NaeS.0; + 5H20 17.76 Sere) 0.000 No carbon absorbed Specimens were severely attacked 
2,088 

NaeCrOy + 10H20 22 .97 0.0416 0.066 0.030 Hyper-eutectoid 

NazBsO; + 10H20 24.93 0.0241 0.048 0.018 Eutectoid 

NasAlFs 10.80 0.0146 0.036 Hypo-eutectoid The cryolite used was a natura! mineral 

oe wes senqmed to contain 100% 

NaBiOs 39.30 (0.0109) 0.000 No carbon absorbed The sodium bismuthate contained 

75.2% NaBiOs. The steel was 
covered with bismuth. 

NasSnO; 25.85 (0.0151) 0.032 Hypo-eutectoid The sodium stannate contained 53% 

NazSnOs. No coating of tin was ap- 
arent from visual examination 
owever, it is probable that some tin 

was absorbed by the stee! 

Na:WQ, + 2H20 22.30 (0.0620) 0.066 0.032 Hyper-eutectoid The steel surfaces had much material ad- 

| hering to them after carburization 

NasHAsQ, + 7H20 21.35 (0.0662) 0.054 0.026 Hyper-eutectoid A heavy coat of metallic arsenic covered 

the specimens. However, despite this 

coating, considerable carbon was ab- 
sorbed by the steel. 

K2COs; 6.60 0.0348 0.062 0.025 Hyper-eutectoid 

KHCO; 9.28 0.0353 0.061 0.025 Hyper-eutectoid 

KOH + KsCO; + Aq. 6.22 0.0342 0.064 0.023 Hyper-eutectoid The potassium hydroxide was anslyzed 

KC:H3:0:2 9.12 0.0321 0.061 0.022 Hyper-eutectoid a 

KeC2O, + HO 8.62 0.0364 0.063 0.027 Hyper-eutectoid 

KHC204 H2C204 + 2020 20.65 0.0332 0.061 0.023 Hyper-eutectoid 

KCN 6.25 0.0371 0.057 0.027 Hyper-eutectoid 

KSCN 9.04 (0.0789) 0.038 Hypo-eutectoid The specimens were bad ittacked. 

Nevertheless, some car! was ab- 

sorbed. 

KiFe(CN)s + 3H20 9.75 0.0349 0.056 0.026 $Hyper-eutectoid 

KsFe(CN)s 10.10 0.0350 0.060 0.029 Hyper-eutectoid 

K3PO,. 6.76 0.0279 0.047 0.018 Eutectoid 

KCl 7.08 0.0297 0.053 0.019 Hyper-eutectoid 

K2S0, 8.19 (0.0398) 0.000 No carbon absorbed The specimens were badly icked, 

KeCrO. 9.04 0.0333 0.064 0.02 Hyper-eutectoid 

KeCr207 13.08 0.0324 0.059 0.024 Hyper-eutectoid 

KMn0Ox, 13.93 0.0327 0.058 0.023 Hyper-eutectoid 

K2SiFs 10.12 0.0127 0.032 Hypo-eutectoid 

CuO 4.77 0.0191 0.046 Hypo-eutectcid No coating of copper was a; parent from 

visual examination. 

CuCO;Cu(OH)s 6.50 0.0193 0.052 Hypo-eutectoid The formula given is appr iate. No 

coating of copper was appsrent from 

visua] examination. 

AgeO 4.12 0.0206 0.046 Hypo-eutectoid No coating of silver was rent from 

visual examination. 

AgNO; 5.93 0.0248 0.060 0.016 Eutectoid No coating of silver was : rent from 

visual examination. 

Table 2.—-Compounds of Elements of Group II 
Case Depth, Inches 
% Chemical Wt. Eutectoid Character of 
in Carbur- Increase + Hyper Case at 
Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 

(SiOs)sAlsBes 44.3 0.0141 0.042 Hypo-eutectoid The beryl used was a natural mineral. 

MgO 6.23 0.0188 0.057 Hypo-eutectoid 

(MgCOs)«Mg(OH): + ‘ 

5H:O0 13.80 0.0161 0.049 Hypo-eutectoid The formula given is approximate. 

CaCOs 9.09 0.0189 0.049 Hypo-eutectoid 

CaO 5.30 0.0178 0.050 Hypo-eutectoid 

Ca(OH): 6.89 0.0169 0.046 Hypo-eutectoid 

Ca(C2H 302): 13.66 0.0186 0.048 Hypo-eutectoid 

CaC:04 + H2O 12.7! 0.0191 0.052 Hypo-eutectoid 

Ca(NOs): + 4H:0 19.08 0.0194 0.060 Hypo-eutectoid 

Cas(PO«)2 9.35 0.0151 0.047 Hypo-eutectoid 

CaCkh + 6H:0 7.94 0.0219 0.054 0.017 Eutectoid : 

CaC: 6.02 0.0196 0.049 Hypo-eutectoid Commercial calcium carbide was used. Fresh 
lumps were selected and it was assumed the 
material was 100% CaCs. 

CaSQ, + 2H:0 14.69 0.0181 0.045 Hypo-eutectoid 

CaCrOy + 2H:0 16.11 0.0166 0.049 Hypo-eutectoid ; 

ZnO 4.74 (0.0197) 0.049 Hypo-eutectoid No coating of zinc was apparent from visual ex- 
amination. However, it is probable that some 
zinc was absorbed by the steel. an0 

Variable 6.83 (0.0198) 0.048 Hypo-eutectoid The basic zinc carbonate contained 68% 2n¥: 
No coating of zinc was apparent from Mr * ‘ 
examination. However, it is probable ths 
some zinc was absorbed by the steel. 

SrCO; 6.30 0.0381 0.064 0.029 Hyper-eutectoid 

SrChk + 6H:0 10.83 0.0286 0.056 0.022 Hyper-eutectoid 

SrF2 5.43 0.0277 0.052 0.021 Eutectoid : from 

CdCoO; 5.7 0.0181 0.048 Hypo-eutectoid No coating of cadmium was apparent [To 
visual examination. 

BaCO; 5.44 0.0382 0.062 0.030 Hyper-eutectoid 

BaO 4.28 0.0382 0.061 0.031 Hyper-eutectoid 

Ba(OH): + 8H:0 8.41 0.0368 0.060 0.031 Hyper-eutectoid 

Ba(C:Hs02): + HO 7.36 0.0393 0.064 0.031 Hyper-eutectoid 

Ba( NOs): 7.07 0.0380 0.060 0.031 Hyper-eutectoid 

BaCk + 2H:0 6.65 0.0340 0.058 0.026 Hyper-eutectoid ‘ . selected 

BaC. 4.49 0.0254 0.055 0.017 #£Eutectoid Fresh lumps of barium carbide ig 
They were assumed to be 100% Bats. 

BaS 4.70 0.0292 0.060 0.024 #Hyper-eutectoid 

BaSO, 6.35 0.0297 0.053 0.023 Hyper-eutectoid 

BaCrOy 6.386 0.0292 0.056 0.023 Hyper-eutectoid 
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% Chemical Wt. Eutectoid Character of 
in Carbur- Increase + Hyper ase at 
Compound Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 
Borie acid H;BO; 18.60 (0.0115) 0.031 Hypo-eutectoid Steel seemed to be slightly attacked. 
Borax NazB.O; + 10H20 26.05 (0.0225) 0.050 0.012 Eutectoid Steel seemed to be slightly attacked. 
Oxide AlsOs 7.05 0.0160 0.050 Hypo-eutectoid 
Hydroxide Al(OH): 10.38 0.0162 0.050 Hypo-eutectoid 
Table 4.—-Compounds of Elements of Group IV 
Case Depth, Inches 

% Chemical Wt. Eutectoid Character of 

in Carbur- Increase + Hyper _ Case at 
Compound Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 

Dioxide SiOz 7.89 0.0137 0.046 Hypo-eutectoid 

Potassium silico- K2SiFs 23.90 (0.0261) 0.037 Hypo-eutectoid The specimens were badly attacked. Neverthe- 

fluoride less, some carbon was absorbed. 

Dioxide TiO: 6.24 0.0154 0.044 Hypo-eutectoid 

Zircon ZrSiO« 7.44 0.0190 0.052 Hypo-eutectoid The zircon used was a natural mineral. It was 
assumed to be 100% ZrSiOu. 

Oxide SnO:2 4.84 (0.0081) 0.000 No carbon absorbed No coating of tin was apparent from visual ex- 
amination. However, since microscopic ex- 
amination showed that no carbon was absorbed, 
the weight increase must be due to a slight de- 
posit of tin. 

Sodium stannate Na2SnO; 11.89 (0.0117) 0.032 Hypo-eutectoid The sodium stannate contained 53% NasSnOs. 
No coating of tin was apparent from visual ex- 
amination. However, the result with SnO: in- 
dicates that a slight deposit of tin is probably 
formed on the steel. 

Litharge PbO 4.14 (0.0124) 0.038 Hypo-eutectoid A —_ deposit of lead was formed on the stee! 
surfaces. 

I carbonate 2PbCO; Pb(OH)>. 6.97 (0.0118) 0.031 Hypo-eutectoid A slight deposit of lead was formed on the stee! 
surfaces. 

Table 5.—Compounds of Elements of Group V 
Case Depth, Inches 
% Chemical Wt. Eutectoid Character of 
in Carbur- Increase + Hyper Case at 

mpound Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 

de AsO; 5.02 (0.0197) 0.029 Hypo-eutectoid The specimens were coated with arsenic. 
However, despite this coating, con- 
siderable carbon was absorbed. 

1 arsenate NasHAsQ, + 7H20 14.30 (0.0443) 0.049 0.014 Eutectoid The specimens were coated with arsenic 
However, despite this coating, considerable 
carbon was absorbed. 

Le Sb:0; 4.53 (0.0861) 0.000 No carbon absorbed The specimens were coated with antimony. 
No carbon was absorbed. 

BizO; 4.26 (0.0258) 0.000 No carbon absorbed The specimens were coated with bismuth 
No carbon was absorbed 

ide Bi(OH)s 4.74 (0.0245) 0.000 No carbon absorbed The specimens were coated with bismuth. 
No carbon was absorbed. 

bonate 2(BiO):CO;sH2:0 4:72 (0.0222) 0.000 No carbon absorbed The specimens were coated with bismuth. 
No carbon was absorbed. 

bismuthate NaBiOs 6.65 (0.0103) 0.000 No carbon absorbed The sodium bismuthate contained 75.2% 
NaBiO;. The specimens were covered 
with bismuth. No carbon was absorbed. 

Table 6.—Compounds of Elements of Group VI 

Case Depth, Inches 
% Chemical Wt. Eutectoid Character of 
in Carbur- Increase + Hyper Case at 

ympound Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 

Oxide Cr2O3 5.52 0.0170 0.054 Hypo-eutectoid 

Hydroxide Cr(OH)s; 7.34 0.0167 0.046 Hypo-eutectoid 

Basic carbonate CreO(COs)2 8.46 0.0237 0.049 0.012 Eutectoid 

Sodium chromate NasCrO, + 10H:20 20.83 0.0377 0.066 0.028 Hyper-eutectoid 

Potassium chromate KeCrO, 13.00 0.0343 0.061 0.024 Hyper-eutectoid 

Potassium dichromate KeCrsOr 10.18 0.0321 0.060 0.022 Hyper-eutectoid 

Calcium chromate CaCrO; + 2H:0 12.90 0.0174 0.049 Hypo-eutectoid 

Barium chromate BaCrO, 16.31 0.0372 0.063 0.028 Hyper-eutectoid 

Molybdie acid MoO; 6.59 0.0311 0.057 0.023 Hyper-eutectoid The molybdie acid contained 85% 

MoQs. 

Ammonium molybdate (NHa)sMorOu + 4H20 6.84 0.0317 0.059 0.023 Hyper-eutectoid 

Tungstie acid HeWO¢ WO: 4.98 0.0224 0.057 0.017 Eutectoid 

Sodium tungstate Na:WQ, + 2H:20 6.71 0.0327 0.059 0.024 Hyper-eutectoid 

Nitrate UO2(NOs): + 6H20 7.77 0.0204 0.057 0.011 Eutectoid 

Acetate UO2(C2Hs02)2 + 2H2O 6.64 0.0199 0.057 0.009 Eutectoid 

5 
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Table 3.—Compounds of Elements of Group III 
Case Depth, Inches 


Na:U:20; + 6H:0 


. 86 0.0160 0.042 


Table 7.—Compounds of Elements of Group VII 
Case Depth, Inches 


Hypo-eutectoid 


% Chemical Wt. Sutectoid Character of 
in Carbur- Increase + Hyper Case at 
Formula izing Agent g./in.* Total Eutectoid Outer Edges Remarks 
MnO: 5.95 0.0229 0.050 0.013 Eutectoid 
Mnz02(OH): 6.02 0.0150 0.046 Hypo-eutectoid 
MnCo; 7.73 0.0202 0.052 Hypo-eutectoid 
KMnQ, 10.32 0.0320 0.063 0.023 Hyper-eutectoid 
Table 8.—-Compounds of Elements of Group VIII 
Case Depth, Inches 
YJ Chemical Wt. Eutectoid Character of 
in Carbur- Increase + Hyper- Case at 
Formula izing Agent g./in.? Total Eutectoid Outer Edges Remarks 
Fe:O; 5.42 0.0252 0.052 0.015 Eutectoid 
FeCO; 7 .67 0.0258 0.054 0.016 Eutectoid 
KsFe(CN)s + 3H:0 23.20 0.0394 0.066 0.029 Hyper-eutectoid 
KsFe(CN)<« 19.10 0.0362 0.058 0.028 Hyper-eutectoid 
NixO; 5.34 0.0228 0.050 0.008 Eutectoid 
2NiCOr3Ni(OH);s + 4H:0 7.42 0.0288 0.057 0.022 Hyper-eutectoid 
Cor0s 5.34 0.0219 0.046 0.013 Eutectoid 
CoCOs 7.54 0.0260 0.058 0.015 Eutectoid 
Co(NOs;): + 6H:0 16.51 0.0290 0.057 0.020 Eutectoid 
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Table 9.— Miscellaneous 
Case Depth, Inches 


% Chemical Wt. 


Ele- in Carbur- Increase 

ment Compound Formula izing Agent g./in.* 
Charcoal, with no chemi- None 0.0192 0.050 

cal added 

NH, Ammonium carbonate Variable 10.00 0.0217 0.051 
Ammonium bicarbonate NH«HCO; 14.90 0.0208 0.052 
Ammonium chloride NH,Cl 10.61 (0.0107 0.952 
Monazite sand Variable 10.00 0.0195 0.051 


Certain compounds not containing alkali or alkaline earth 
metals were found to exert distinct energizing effects, but 
they did not produce effects comparable in magnitude to those 
produced by the active compounds of sodium, potassium or 
barium. The tabulated data show that certain compounds 
of chromium, molybdenum, tungsten, manganese, iron, 
nickel and cobalt exerted an energizing action, even when no 
alkali or alkaline earth metals were in combination with 
them. 

It will be of interest to consider the inhibiting effect of 
certain compounds, Stannic oxide, SnO2, prevented carbon 
absorption entirely, and left the surface of the steel in ex- 
cellent condition. While there was some deposition of tin 
as indicated by the weight increase, it was small and was 
not apparent from visual examination of the steel surfaces. 
Bismuth and antimony compounds completely prevented 
carbon absorption, but the steel surfaces were covered with 
considerable reduced metal. Lead compounds inhibited 
carburization, though they did not completely prevent carbon 
absorption. This indicates that cutting lubricants containing 
white lead may cause irregular carburization if the steel is 
not thoroughly cleaned. 

Arsenic compounds, it is interesting to note, acted differ- 
ently than bismuth and antimony. The reduced arsenic 
was not capable of preventing carbon absorption. In fact, 
when sodium arsenate was used, eutectoid or hyper-eutectoid 
cases could be obtained despite a heavy coat of reduced ar- 
senic on the steel. 

In the preparation of case hardening compounds, there 
appears to be no particular reason for using any energizing 
materials other than the cheap and highly active carbonates 
of sodium and barium. The experimental data appear to 
indicate that the use of calcium carbonate is not warranted. 
It is also apparent that complex mixes are of questionable 
merit. 

The experimental results raise some doubts about the 
explanation of energizer action frequently given in various 
texts and in articles in technical journals. It is stated that 
the carbonate dissociates into metallic oxide and carbon di- 
oxide. The latter immediately reacts with the incandescent 
carbon to form carbon monoxide, and the acceleration in the 
rate of carburization is said to be due to the resulting increased 
concentration of carbon monoxide in the gaseous phase. 
That this simple theory is inadequate, is indicated by the 
following facts brought out by the experimental data. Cer- 
tain carbonates which dissociate into metallic oxide and car- 
bon dioxide very readily are absolutely inert as energizers. 
For example, calcium and magnesium carbonates are entirely 
without effect despite the fact that carbon dioxide is readily 
evolved from them on heating. The similar results yielded 


utectoid 


Character of 


+ Hyper Case at 
Total Eutectoid 


Outer Edges 


Hypo-eutectoid. Ap- 
proaches eutectoid 
composition quite 
closely 

Hypo-eutectoid 


Remarks 
Figures are averages for 70 runs. 


Due to the extremely variable composition 
of ammonium carbonate, the carburigin, 
agent was arbitrarily made up by mixios 
10% by weight of the carbonate with 90 

ne charcoal. 4 . 
e€ ammonium radical was consid 
the metallic component of the at 
bonate. The carburizing agent wag 
prepared so that the weight ratio of 
charcoal to ammonium radical was 25/1 

The ammonium radical was considered as 
the metallic component of the chloride 
The carburizing agent was prepared 80 
that the weight ratio of charcoal to am- 
monium radical was 25/1. The steel was 
attacked. 

The sand is a naturally occurring mixture 
of rare earth oxides. Due to its variable 
composition, the carburizing agent was 
arbitrarily made up by mixing 10% 
by weight of the sand with 90% of 
charcoal. 


Hypo-eutectoid 


Hypo-eutectoid 


Hypo-eutectoid 


by sodium carbonate, bicarbonate and hydroxide, by potas- 
sium carbonate, bicarbonate and hydroxide, and by barium 
carbonate, oxide and hydroxide suggest that the energizing 
power is primarily determined by the metallic part of the 
compound rather than by its carbon dioxide content. 

The writers wish to express their appreciation of the assist- 
ance rendered by Messrs. M. J. Sterba, G. C. Williams and 


G. B. Zimmerman in the performance of the experimental 
work. 

i Takahashi. Science Reports Tohoku Imperial University, Vol. 17, 1928, 
page 883. 

2 Hebler. Chemiker Zeitung, Vol. 52, 1928, page 775. 

* Rodman. Transactions American Society for Steel Treating, Vol. 7, 
1925, page 635. 

‘Shepherd. Transactions American Society for Steel Treating, Vol. 6, 


1924, page 606. 

5 Fetchenko-Tschopiwskij. Revue de la Société russe de Métallurgie, Vol. 
1, 1914, pages 245, 480; Revue de Métallurgie, Vol. 12, 1915, page 518 
(abstract); Vol. 14, 1917, page 90 (abstract). 
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MAGNESIUM METAL 
PRICES AGAIN 
REDUCED 


Substantially reduced prices on magnesium metal have been 
announced by The Dow Chemical Company, Midland, Michi- 
gan. The new prices are 30¢ per pound in carload lots and 32¢ 
per pound in less than carload lots. This last reduction climaxes 
a period of 16 years of successful manufacturing experience of 
this metal by this company. During this time, by means of 

rocess refinements through extensive research, production costs 

ave been consistently reduced. The average price for magne- 
sium metal for 1915 as reported by the Bureau of Mines was 
$5.00 per pound. The newly announced price of 30¢ per pound 
in carload lots represents a remarkable production record that 
should instill confidence in those considering the use of or are 
now employing magnesium alloys. 

Paralleling this progress in reducing production costs are equal 
advances made in fabrication meth in foundry and shop. 
Dowmetal (the trade name that identifies the magnesium alloys 
produced by The Dow Chemical Company) can be fabricated 
into many difficult shapes and forms. It can be readily cast, 
rolled, drawn, forged, extruded, welded and machined by methods 
similar to those in use in metal working industries. Because 
magnesium alloys are the lightest of all engineering metals com- 
mercially available, one-third lighter than aluminum and onl 
one-fourth as heavy as iron or steel and are the easiest of 
metals to machine, they are destined to serve industry in imnul- 
erable ways. ; 

Contrary to the opinion of many, magnesium is one of the 
most plentiful metals in the earth’s crust. Potential production 
facilities are ample to satisfy almost any demand. Now 
magnesium metal is available in commercial qa and at 
commercial prices, serious consideration will given to its 
adaptation in many lines of industry. 
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The Lead-Zinc Eutectic 






BY J. M. HODGE* AND R. H. HEYER*’ 


HE object of the work 
ot was to determine the 
composition of the lead- 
rich eutectic of the system. 


The results are based primarily 
on thermal and microscopical 


In the course of the work 
rather good evidence was found 
that a slight amount of zinc 
is soluble in lead in the solid 
state. 

The eutectic composition 
as found in this investigation is 0.50% Zn-99.50 Pb by 
weight. The eutectic temperature is 318.2° C. The solu- 
bility of zine in lead in the solid state is about 0.05% Zn at 


the eutectic temperature. 

Heycock and Neville’ in 1892 found the eutectic com- 
position to be about 2.3 mol % Zn, or 0.74% Zn. This value 
was determined thermally by the use of mercurial ther- 
mometers and agrees much better with the results of this in- 
vestigation than the value of 1.2% Zn given by Arnemann? 
in 1910 or 2.3% Zn as given by Peirce in his recent diagram. 

Many preliminary thermal analyses, using various methods, 
showed that an ordinary inverse rate curve taken from a large 
mass of alloy was unsuited to this determination. The 


poor heat conductivity of the alloys made it difficult to main- 
tain a uniform temperature within a large body of alloy 
while cooling. This caused the outer portion of the melt to 


freeze before the inner and prevented sharp heat effects 
being indicated by the thermocouple. On using a small 
annular ring of melt with the thermocouple centrally located, 
it was found desirable to use a differential couple to indicate 


the sma!! variations of temperature at the liquidus. Using a 
30 g. sample a simple thermocouple of the differential type 
was fairly satisfactory. 

The final apparatus as used in these tests is shown in Fig. 1. 
It is essentially an aluminum crucible holding 11 g. of alloy. 
It contains a base metal differential thermocouple made up of 
3 sets of opposed junction in series, one junction of each 
set being in the lower aluminum neutral body and the other 
near the geometric center of the melt. The hot junction of a 
simple base metal thermocouple is also located at the geo- 
metric center on the melt. A moving coil, reflecting gal- 
vanometer of 0.97 mm. per mv. sensitivity, 38 ohms resistance, 
12.2 seconds period, and placed 42 inches from the ground 
glass scale was used in the differential circuit. It gave de- 
flections of several centimeters at both the liquidus and solidus 
breaks. A Leeds & Northrup potentiometer indicator was 
used in the simple thermocouple circuit. 

Fig. 2 shows the arrangement of the aluminum crucible 
within a large pyrex glass tube sealed at the bottom and 
stoppered at the top. The tube and contents were heated 
in an electric resistance furnace wound so that the region 
around the crucible was uniformly hot while the top of the 
furnace was relatively cool. Asbestos fiber packed in the tube 
directly over the crucible also helped to keep the rubber 
stopper at the top cool. City gas was run through the tube 
at a rapid rate during melting and a slight uniform flow main- 


* Purdue Uni i : - . 
an ws ooh hanks hy ite pers of thi work was presented to the University 
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61. ince Heveock & F. H. Neville. Journal of the Chemical Society, Vol. 
Ae page 905. 
.W sal Arnemann. Metallurgie, Vol. 7, 1910, pages 201-211. 
aL M. Pierce. National Metals Handbook, 1930 Edition, American 
Sosiety for Steel Treating, page 818. 


T IS odd that all details of the equilibrium dia- 
gram of two of our common, and cheapest metals, 
lead and zinc, have remained in doubt. Both melt 
low enough so that their study does not involve 
some of the difficulties encountered in the study 
of the more refractory metals. 
analysis. Revisions, such as this, of the diagrams for com- 
: mon metals make us realize how little we really 
know about the metals in daily use, to say nothing 
of all that is to be found out about the more un- 
common ones. 


tained while running the ther- 
mal analysis. On inspection, 
the surface of the alloys ap- 
peared very free from oxidation 
when melted and cooled under 
these conditions. 

Most of the microscopic 
work was done before the ther- 
mal analyses were run. Test 
lead and pure zinc were melted 
separately, mixed, deoxidized 
with ammonium chloride, 
stirred thoroughly with a wood 
stick, and chill castinanironmold. Parts of these ingots were 
analyzed and the remainder remelted and slowly cooled from 
slightly over the melting point to room temperature in about 
S8hours. The new ingots were split lengthwise, '/> being used 
for microscopic work and the other for chemical analysis. 
Because of the large segregation due to gravity, especially 
in the hyper-eutectic alloys, the photomicrographs had to 
be taken at the same horizontal plane as the chemical analyses. 

The thermal analysis specimens were made by melting 
spectroscopically pure lead, furnished through the courtesy of 
Mr. Mulligan of the U. S. Smelting Lead Refinery, East 
Chicago, and pure Mallinckrodt zinc. The metals were 
melted, mixed and deoxidized as before; and then poured 
onto a metal plate as chill castings '/;.-to '/;-inch thick. Some 
of the photomicrographs were made from remelted and slowly 
cooled portions of these heats. 

The chemical analysis of the alloys was performed as 
follows: 


After dissolving in 1-3 HNO; the lead was removed as PbSO, 
by precipitating with 1-1 H.SO, and filtering off the PbSO,. 
After taking to fumes of SO; the solution was made slightl 
alkaline with ammonia to remove traces of iron and the small 
amount of lead remaining after the first precipitation. After 
filtering, the solution was made neutral to methyl orange by 
titration with HCl and the zine was precipitated as ZnNH,PO,, 
which was filtered in a gooch crucible and ignited to Zn,P,O;. 


Table 1. Chemical Analysis of Ail Thermal Analysis Alloys 


Identification Average 
Analysis Chemical Analyses Chemical Analysis 
Pb 0.000% Zn 
0.02% Zn 0.0230 ah 0.023 
0.05 0.0490 0.0436 0.046 
0.06 0.0598 0.0587 0.059 
0.09 0.088 rns 0.088 
0.15 0.149 0.155 0.152 
0.24 0.237 0.240 0.238 
0.29 0.287 -r 0.287 
0.38 0.381 0.377 0.379 
0.51 0.507 0.519 0.513 
0.59 0.591 pes 0.591 


Due to their extreme softness, these alloys had to be pre- 
pared with care to prevent flow of the metal. Samples were 
cut vertically from the ingots by a sharp, oiled hack saw. 
They were then ground on numbers 1, 0 and 00 French emery 
papers using a solution of paraffine in kerosine for a lubricant. 
They were then cleaned with alcohol and naphtha, and rough 
polished on felt or broadcloth wheels using a fairly coarse 
suspension of levigated alumina in distilled water containing a 
few drops of liquid soap. This polishing was continued until 
all emery particles were removed from the surface of the metal. 
This required from fifteen minutes to half an hour or more. 
A black smudge which first forms must be entirely removed 
by the end of this process so that the surface has the appear- 
ance of a roughly polished piece of steel. After washing, the 
specimens were finely polished on a silk velvet wheel using a 
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very fine suspension of alumina in a soap solution. Very 
light polishing pressure had to be used to prevent further 
smudging. When the scratches were apparently removed 
the following etch was used: 


Glycerine 60 ce. 
Glacial HC.H;O0. 20 ce. 
Coned. HNO; 20 ce. 


This reagent was first used on these alloys by Dr. Bray. It 
should be made up fresh for best results. Both the speci- 
men and etching reagent must be kept free from water. By 
repeated polishing and etching the structures of the alloys 
were brought out as shown in the following photomicrographs. 

Figs. 3 to 6 represent each type of structure found in the 
Fig 5 is very likely the nearest to the true eutectic 


series. 
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structure. The small size of the sample did not permit an 
accurate chemical analysis. 

Figs. 7 to 14 show an increasing amount of eutectic zine 
appearing in the lead grains in the form of plates and possibly 
some needles. Figs. 8 and 9 show an absence of any zine 
plates or needles which indicates that some zinc is in solution. 
Figs. 14 and 15 are the closest to being completely eutectic 
of any specimens for which we have adequate chemical analy- 
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Table 2. Experimental Data for 0.06% Zn Cooling Curve 


: : ‘ /3.8 
Minutes Differential 
Deflection Temp., Temp., 
Centimeters Millivolts ©. 13.7 

0 6.95 13.44 

1 6.85 13.42 

2 6.80 13.41 /3.6 
4 6.70 13.395 

6 6.65 13.39 

7 6.65 13.37 \/3 
- 6.60 13.36 

9 6.90 13.36 327.0° 

10 10.00 13.36 34 
11 11.30 13.36 

12 11.20 13.35 M 

13 10.50 13.33 p/33 
15 9.20 13.32 z 

17 8.20 13.30 ¢ 

19 7.65 13.28 \j/32 
23 6.75 13.24 Q 

28 6.15 13.21 > 

33 5.75 13.18 i /3./ 
39 5.65 13.14 o 

43 5.50 13.11 

46 5.40 13.10 /3. 
49 5.35 13.09 

55 5.20 13.07 

58 5.15 13.04 {29 
61 5.05 13.02 
64 5.00 13.01 
66 5.00 13.00 
68 5.15 13.00 318.2° 
69 5.35 13.00 
70 5.40 13.00 
72 5.15 13.00 
74 5.00 12.99 
76 5.00 12.99 
78 4.90 12.98 
82 4.80 12.96 


——=——=——_————— == SS Te) 


sis. It is not unlikely that a specimen analyz- 
ing 0.50% Zn would have the same structure 13.6483 
thereby checking the thermal data follow- : 
ing. 


The plates of zinc appear to be in quite equally N 
spaced parallel rows within each hypo-eutectic 43 
grain. The zine plates are composed of hexag- Y 
onal close-packed cells and evidently form Nes 
parallel to the atomic planes of the face-centered S 13.2 
cubic lead space lattice. Since the photomicro- < g 
graphs are at only 100 X magnification, there 3! 
must be several thousand rows of lead atoms be- N 
tween each plate of zinc. If the average distance /30 
between plates is one millimeter at 100, about 

/2 


20,000 rows of lead atoms separate each zinc 
plate, assuming the lead grain is normal to the 
polished plane of the photomicrograph. This 
characteristic structure is not as evident, of 
course, in the very low zine hypo-eutectic 
alloys. 

Fig. 18 is the first photomicrograph in which the 
typical hyper-eutectic structure is to be found. In these alloys 
the zinc is in more massive plates and often passes through and 
along the grain boundaries of several of the lead grains. The 
lead grains are much smaller and are much freer from the 
hypo-eutectic zinc. An abnormal amount of zinc evidently 
freezes as primary zinc in these hyper-eutectic alloys. There 
is a tendency for the primary zinc plates to form in a fan shape 
as shown in Figs. 19 and 20. 

Figs. 21 and 22 show zinc in the extremely massive form 
observed in the photomacrograph, Fig. 23. The segregation 
of primary zinc shown in the photomacrograph is rather 
peculiar. The ingot was very slowly cooled in an upright 
position, the primary zinc freezing out first and floating up- 
ward by reason of its low specific gravity compared to the 
liquid lead. However, the smaller zinc plates had collected 
very near to the top of the ingot while the general size of 
the plates increases toward the bottom. This is contrary 
to the usual behavior of particles in suspension, large particles 
always traveling faster than similar small ones. Perhaps 
the top of the ingot froze after considerable segregation had 
occurred but somewhat sooner than the lower part of the 
ingot. This would give the remaining zinc plates in the 
lower part more time to grow before freezing of the lead. 

The temperature range involved in these tests is so narrow, 
327° to 318° C., that no special device was needed to keep the 
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Fig. 25. 


Fig. 26. 


rate of cooling or heating constant. The differential method 
used made the slight slowing up on cooling unimportant. The 
furnace required an input of 1.57 amps. at 110 volts to effect 
a drop in temperature of about 14° C. in one hour in the work- 
ing range. This was the average speed of the cooling curves. 
Heating curves were run at about the same speed by increas- 
ing the input to 1.65 amps. 

Figs. 24 and 25 indicate that the method is very satis- 
factory for indicating the beginnings of the liquidus and 
eutectic reactions. The experimental data in Table 2 are 
presented to show the character of the data from which the 
curves were plotted. 

The break at 13.36 mv. indicates the beginning of freezing 
of lead solution crystals. A total deflection of 4.6 cm. was 
reached by the reflecting galvanometer in the differential 
circuit. Theoretically, the heat of crystallization continues 
to be absorbed by the melt rather uniformly until the eutectic 
break at 13.00 mv. is reached. This should cause a small 
continued deflection of the galvanometer until the eutectic 
temperature is reached. In this apparatus, however, heat 1s 
transmitted down the differential thermocouple wires to the 
region of the neutral body from the upper junctions, a dis- 
tance of only one inch, when a difference of temperature 
occurs between these 2 regions. This effect counteracts 
continued movement of the galvanometer whenever the 
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Fig. 28. 


reaction occurs over a long enough period of time for the heat 
conductian to take place. This effect explains, for instance, 
the fact that the 0.06% Zn alloy had a shorter liquidus break 
than the 0.09 and 0.15% Zn alloys which freeze out less lead 
above the eutectic temperature. The 0.06% Zn alloy was 
cooled slower than the 2 of higher zinc content. 

The 0.02% Zn cooling curve indicates the effect of un- 
natural conditions of cooling. The crucible was not held at 
its highest temperature long enough to insure equilibrium 
conditions, Although the rate of cooling was average, a 
cooling curve resulted which might be taken to indicate 
supercooling. No genuine case of supercooling was found 
in these tests. It may also be noted that the potentiometer 
indicator was not sensitive enough to detect any lowering 
of the liquidus due to the. 0.02% zinc present in this alloy. 

The general decrease in the length of the liquidus break 
and increase in the length of the eutectic break with increasing 
zinc content is evident from Fig. 24. The 0.51% Zn curve 
was run very slowly to detect any possible liquidus break and 
therefore the length of the eutectic break is not as great as 
it might otherwise be. 
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That no liquidus break on hypereutectic 
alloys could be detected is shown by the 0.59% 
Zn cooling curve. Inspection of the constitution 
diagram in Fig. 28 shows that a very slight 
amount of zinc should crystallize between the 
liquidus and the eutectic temperature, nearly all 
the alloy freezing as eutectic. 

The heating curves in Fig. 25 are given as par- 
tial proof of the solubility of zine in lead. The 
curve for pure lead shows the melting point to 
be slightly higher than indicated by its cooling 
curve. This slight lag in the apparatus was 
also found in several heating curves on eutectic 
alloys. These alloys showed a eutectic break 
on heating at about */i0 millivolt ('/,° C.) 
higher than for cooling. The 0.02% Zn and the 
0.05% Zn curves show a change of slope at the 
points marked “X.”’ These points have been 
used to determine the tentative solubility curve 
in Fig. 27. The limit of solubility at 318.2° C. 
was determined by the absence of a eutectic 
break in the 0.05% Zn alloy and the presence of 
a very small break in the 0.06% Zn alloy. It 
appears that the steep slope of the solid solution 
solidus line and the resulting low percentage of 
melting taking place per degree temperature rise 
is responsible for the lack of a more definite 
solidus break in these heating curves. 

The equilibrium diagram, Fig. 27, has been 
constructed using the results of these curves. 

Attempts at studying the effect of zinc on the 

hardness of lead were made early in the work. 
The effect of flow of metal under pressure made 
the ordinary hardness measurements unsatis- 
factory for these alloys. It was found that us- 
ing a Rockwell machine with a diamond cone 
penetrator and using only the 10 kg. initial load, 
a rather wide range of readable, comparable 
hardness values was obtainable. The specimen 
was given a rather shiny polish that would 
reflect light, placed in the Rockwell machine, 
and the minor load applied for a period of 5 
minutes. The movement of the penetration gage 
was indiscernible after this time. The penetra- 
tor made an impression about the size required 
for an ordinary Rockwell “‘0”’ to “20C” hardness; 
therefore a slightly larger than standard cone 
would be better suited to this test, since the 
Brale penetrator is ground accurately to an 
“R20C” hardness impression. The diameters 
of the impressions were measured at 100 x 
magnification and are given here in inches as measured. 

Annealing had considerable effect on the hardness. The 
following data were taken from a set of uniformly chill cast 
ingots about one inch in diameter. On annealing, the alloys 
softened uniformly so that the shape of the hardness curve 
remained the same. It should be remembered that the 
“Diameter of Impression’ recorded is a measure of the soft- 
ness of the alloy. A calculated Brinell hardness of about 
“3” is obtained from this data. 


Diameter of Impression 


% Zn in Inches and at 100 
0.15 2.78 

0.17 2.70 

0.25 2.53 

0.31 2.53 

0.45 2.44 

0.48 2.32* 

0.89 2.31 

2.01 2.32 

* It is significant that the hardness remained constant after the 0.48% 


Zn alloy. It is evident that zinc imparts much greater hardness in the form 

of eutectic than as the large zinc plates of the hyper-eutectic alloys. Allo 

= —_ higher zinc content should, of course, again show an increase in 
ardness. 


Continued on page 313 
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PREFERRED ORIENTATION 


PRODUCED BY COLD ROLLING 


in the Surface of Sheets of 


Aluminum, Nickel, Copper and Silver 
BY CLEVELAND B. HOLLABAUGH AND WHEELER P. DAVEY 


(Concluded) 


IV. INTERPRETATION OF THE DIFFRACTION 
PATTERNS 


a. The General Method. 


HE ranges of preferred orientation of the crystal frag- 
ments in the surfaces of the rolled samples of metal were 
determined by the method of Davey, Nitchie and Ful- 

ler. This method depends upon the fact that a diffraction 
pattern, taken with a pencil of X-rays from a pin-hole slit, 
will show continuous diffraction rings if the crystal fragments 
have random orientations about the incident X-ray beam, but 
will show only detached ares of these rings if the crystal frag- 
ments have preferred orientations about the incident beam. 
The length of these arcs is a measure of the degree of devia- 
tion from the mean preferred orientation. 

The method may be considered to be made up of five steps 
as follows— 

(1) Diffraction patterns of the rolled metal are made (a) 
with the X-ray beam in a plane which is perpendicular both to 
the surface of the metal and to the rolling direction, and (b) 
with the X-ray beam in a plane which is perpendicular to the 
surface of the metal and which includes the rolling direction. 
For our present purposes there is no advantage in still other 
patterns taken in other directions. Complete representation 
of orientations by means of “‘pole figures” requires still other 
diffraction patterns in order to avoid possible ambiguities 
which are unimportant here. 

(2) A silver print is made of each of the negatives which 
show arcs, care being taken that the print is a true “positive” 
without reversal of the right and left hand sides. All deter- 
minations of preferred orientations by this method are best 
made with the aid of positive prints, no work being done on the 
original negative. From a knowledge of the wave-length of the 
X-rays used, the specimen-film distance, the diameter of the 
diffraction rings and the crystal structure of the specimen, the 
Miller indices are calculated for the atomic planes in the 
specimen corresponding to each diffraction ring. These in- 
dices are marked on the positive print, or on the card on which 
it is mounted, in order to properly identify each arc of each 
ring. The necessary calculations for the identification of 
crystal planes are discussed in a series of X-ray articles by 
Prof. G. L. Clark in the initial issue of Merats & ALLoys. 
The angle which the specimen made with the horizontal at 
the time the diffraction pattern was made can always be 
calculated with sufficient accuracy from the specimen-film 
distance and from the position of the shadow of the specimen 
as recorded on the film. 

(3) A large model of the crystal lattice of the metal under- 
going examination is mounted on gimbals so that it may be 
given any desired orientation. This model must be made 
accurately to scale. The balls are preferably spaced three or 
four inches apart so that it may be possible to look through 
the model. The positive prints mentioned above are mounted 
one at a time in a vertical position at a convenient height and 





the model is set up in front between the print and the observer. 
A string is stretched from a vertical support to the model so 
that its direction is perpendicular to the plane of the positive 
print. This string represents the incident X-ray beam. It is 
often convenient to use an elastic tape instead of the string so 
that there may be no slack caused by adjusting the position 
of the model. 

(4) Some diffraction ring is chosen in pattern (a) of step 1 
which experience shows is convenient to use as a starting point 
in the interpretation, and the corresponding plane is identified 
on the model. The model is now turned so that this atomic 
plane is in the correct orientation to diffract to the center of 
one of the arcs on the diffraction ring. The degree of devia- 
tion in the actual specimen from this mean position may be 
found by simple calculation from the length and radius of the 
arc on the diffraction pattern. We have now fixed the mean 
location of this atomic plane but we have not found how it is 
oriented about an axis perpendicular to itself. The model is 
therefore rotated about a normal to this plane until some other 
plane is in a position to diffract to some spot in its ring. In 
general, this second plane will require that the mode! be ro- 
tated about an axis perpendicular to the string in order to 
place the second plane at its proper diffracting angle to the 
X-ray beam. Obviously this rotation must not be in excess 
of the amount permitted by pattern (b) of step 1 taken ina 
direction at right angles to the first. 

(5) Starting with the mean orientation found in step 4 it is 
necessary to show first, that, within the limits of deviation 
from the mean orientation as shown by the ares on the positive 
print, the assumed orientation of the model is able to account 
for the position, length, and relative intensity of every are of 
every ring on the positive print, and second, that the assumed 
orientation does not predict still other ares or rings which are 
absent from the positive print. This necessitates a system- 
atic study of each of the simple atomic planes in the model. 
It often happens, as in some of the cases described in this 
paper, that more than one orientation must be assumed in 
order to account quantitatively for the experimental data. 


b. The Determination of Preferred Ranges of Orientation 
from Changes Produced in Diffraction Arcs on Cold Rolling 
of Aluminum, Nickel, Copper and Silver. 

Each of these four metals showed different types of orienta- 
tion patterns except nickel and copper which were identical 
throughout their series. The interpretations of the patterns 
of aluminum and silver will be given separate discussions, 
while those of nickel and copper will be discussed together. 

The diffraction patterns obtained from the cold rolled 
samples of aluminum, copper and nickel showed differences 
from those obtained from annealed samples, both when taken 
across the direction of rolling and when taken along the diree- 
tion of rolling. This made it necessary to consider two pat- 
terns simultaneously to obtain a complete picture of the 
limitations of orientation existing in each sample. To do this 
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it was necessary to modify the procedure originally outlined by 
Davey, Nitchie and Fuller. This modified procedure will be 
described at this point. 

A face-centered cubic model, mounted on gimbals, was 
pictured as being the unit cell of a crystal fragment in the 
surface of the sheet of metal, which was in turn pictured as 
being in a horizontal plane. The positive print of the diffrac- 
tion pattern taken with the X-rays impinging along the direc- 
tion of rolling, mounted on cardboard and labeled as aiready 
described, was set up opposite the model so that it tilted away 
from the normal to the plane of the sample by an angle of 20°, 
and in such a position that its center spot was opposite the 
center of the model. The positive print of the diffraction 
pattern made with the X-rays impinging across the direction 
of rolling, was mounted in the same way in a position such 
that its lower edge was at right angles to the lower edge 
of the other one. The X-ray beam for each of these two 
patterns was visualized as coming in toward the model in 
a direction normal to the center spot of the pattern. The 
end of the sample entering =: 
the rolls first was visualized 
as being parallel to and 
next to the lower edge of 
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small for an orientation which lies at the end of one range and 
at the center of the other, and rapidly increasing to a high 
degree of probability as the center of both preferred ranges is 
approached. In the discussion of the diffraction of the indi- 
vidual planes, it will be shown that this assumption accounts 
for the intensities of the spots on the pattern. 

To shorten the description to follow, a convention of terms 
has been selected for describing the various positions of the 
model in terms of the sample. The gimbals on which the 
model was mounted permitted the model to be rocked about a 
horizontal line which was perpendicular to the rolling direc- 
tion. This axis of rotation was therefore parallel to the sur- 
face of the specimen. This was called for purposes of brevity, 
the across axis. Rotation was considered to be positive when 
it was clockwise looking along the across axis toward the dif- 
raction pattern. The gimbals also permitted the model to be 
rocked about an axis perpendicular to the across axis, which 
was in the horizontal plane when there was no rotation about 
the across axis. This axis will be termed the along axis. 

Rotation was considered to 
be positive, when it was 
clock-wise looking along the 
along axis toward the dif- 








the pattern taken along the Y- Axis fraction pattern. The zero 
direction of rolling. The 7 Across Direction position with respect to 
lower edge of the pattern Z each axis is the position in 
taken across the direction which the cube face of the 
of rolling was parallel to —— model is in the horizontal 
the side of the metal sam- ; plane. It is important to 
ple, thus placing the end Rolling hii note that the along axis will 
of the sample through the only lie in this direction 


rolis first on the right hand 
8] when looking across 
the sample toward this 
pattern. This setup placed 
t wo diffraction patterns 


when the cube is in its zero 
position about the across 
axis. The across axis will 
always lie in the horizontal 
plane in a direction at right 
angles to the direction of 











in the positions in which 
they were taken relative to 
a sample pictured as being 
in the horizontal plane in 
which the model is located. 
This arrangement made it Z-Axis 


convenient, when interpre- 
ting the diffraction patterns 
to refer the various posi- 
tions of the model back to 
positions of the crystal frag- 
ments in the surface of the 
metal sheet. 

__ The next step was to select a convention of codrdinates for 
identifying the individual planes of the various families with 
reference to the model. Picturing the model with its cube 
face in the horizontal plane and one of the face diagonals in 
the direction of rolling of the sample, the origin of coérdinates 
has been selected as the corner of the cube toward the end of 
the sample which went through the rolls last. The X-axis is 
the edge of the cube to the right when looking along the direc- 
tion of rolling, from the origin toward the end of the sample 
which entered the rolls first. The Y-axis is the corresponding 
cube edge to the left. The Z-axis is taken normal to the plane 
of the sample, with its positive direction downward. This 
convention is illustrated in Fig. 3. 

In accounting for the relative intensities of the spots on the 
orientation patterns, the plausible assumption was made that 
the probability of a crystal fragment occupying a given posi- 
tion varies enormously as the !ocation of this position is changed 
with respect to the limits of the preferred range. The 
probability of a crystal fragment finding itself in a given 
orientation was assumed to be almost negligibly small for 
orientations outside the preferred range, very small at the 
edge of the preferred range both around the direction of rolling 
and around the axis which lies across the direction of rolling, 


Fig. 3.—-Convention of codrdinates adopted for naming 
planes in crystal model 


rolling. In referring to the 
diffraction patterns taken 
in the two directions, the 
diffraction pattern taken 
with the X-rays impinging 
on the sample across the 
rolling direction will be 
termed the across film. The 
one taken with the X-rays 
impinging in the direction 
of rolling will be termed 
the along film. 

1. Aluminum. The diffraction patterns of the series of 
rolled samples of aluminum listed in Table 2 show differences 
from one sample to the next as the number of passes through 
the rolls is increased, which do not appear to be progressive 
changes. The general appearance of the patterns showed how- 
ever that the structures are closely related. These differences 
made it necessary to make an independent interpretation of 
each set of patterns. To show how this was done the results 
of the interpretation of the two patterns from one sample will 
be given in detail. As the patterns of the last sample of the 
series, No. 11, which had been given 10 passes through the 
rolls, represented the most complex structure shown they have 
been chosen for discussion. 

Fig. 4 is a positive print of the diffraction pattern obtained 
across the direction of rolling on Sample 11 with filtered 
radiation. The rings on this pattern are no longer continuous 
as they are on the pattern of Fig. 1. This indicates the pres- 
ence of a preferred orientation around this direction. Fig. 5 
is a positive print of the diffraction pattern obtained along the 
direction of rolling on this sample. This pattern likewise 
shows the presence of a preferred orientation around the 
direction in which it was taken, i. e., around the direction of 
rolling. 
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{110}. This family is com 
6 sets of planes, only 2 of mo pine 
diffract in the limitation set by the 
{111} and {311} planes. 

_ (101). This plane can diffract 
only in the range between +29° and 
+45° across. At a position of +999 
across and +18° along this plane dif. 
fracts to the center of the single {110} 
spot. On going to +45° of the acrogs 
range, the along angle remains the same 
and the plane now diffracts to the right 
hand edge of its spot. 

(011). This plane can diffract 
only in the range between —20° and 
—42° across. Between these 2 limits 
the diffraction can sweep the entire 
extent of the spot. To diffract from 
this plane the unit cell of the crystal] 
fragment must make an angle of +35° 
along when at —42° across and +25° 








Fig. 4.—‘‘Reflection’’ type of 
diffraction pattern taken 
across the direction of rolling 
on sample 11 of aluminum, 
which had had ten passes 
through the rolls 


J 


0 Si 


These two diffraction patterns, labeled and mounted as 
shown in Figs. 4 and 5, were placed in positions relative to the 
face centered cubic model as shown above. The first step in 
the interpretation was to make an examination of the diffract- 
ing possibilities of various planes through the model in both 
the along and the across direction according to the method of 
Davey, Nitchie and Fuller, with the slight modifications m 
set-up already described. This examination gave a tentative 
range of orientation positions. The diffracting possibilities of 
each plane in every possible position in this range were then 
examined both the across and along directions to prove that 
this range of positions accounted for both diffraction patterns 
and could give no others. For purposes of record, the results 
of this examination will be given in detail for each set of planes. 
These results prove that the tentative orientation range 
selected accounts for the diffraction patterns obtained and no 
others. 

The orientation ranges which were tentatively selected and 
which were proved to account for the patterns obtained can be 
visualized in terms of the sheet foil as follows: Consider for 
purposes of reference the unit face centered cube of a crystal 
fragment with its cube face parallel to the sheet surface and 
with one of its face diagonals parallel to the direction of rolling. 
Using the other face diagonal as an axis, i. e., as the across 
axis, allow the cube to rotate between the limits of +29° and 
+45° and between the limits of —20° and —42°. Now 
using the first diagonal as an axis, i. e., as the along axis, with 
the cube being in each of the above limits in turn, allow a 
rotation between the limits of +2° and +35° and between the 
limits of —2° and —25°. Anywhere within these limits the 
unit cell of the crystal fragment will be within the preferred 
range of orientation. 

Proof is given below that this range of preferred positions 
accounts for the diffraction pattern shown in Fig. 4, which was 
taken with X-rays impinging across the direction of rolling. 
Each family of planes which can diffract in the range of angles 
recorded on the plane will be taken in turn in the order which 
was found advantageous in the original work, and the diffrac- 
tion of each plane in the family will be accounted for. 


{111}. This family is made up of 4 sets of planes, only 2 
of which can diffract in the preferred range in the across direction. 
(111). This plane can only diffract to the film in 
the range between the angles of +29° and +45° about the 
across axis and in so doing accounts for the entire range of spot 1. 
This diffraction requires an angle of +3° about the along axis. 
(111). This plane can only diffract to the film be- 
tween the angles of —20° and —42° across at an angle of +3° 
about the along axis and in so doing accounts for the entire 
range of spot 2. 





aleng when at —20° across. 


+ 

331) {100}. This family has 3 sets of 
210 planes. 

100(2) (001). This is the only plane 


\ih (2) 


a Si of this family which can reach a diffract. 
12a) ing angle within the limits of the pre. 
ferred range. At —42° across and +5§° 

along it diffracts to the left hand edge 

of spot 1. This position is at the ex- 

treme edge of the across range and is near the edge of the along 
range. The probability of any given crystal fragment occupying 
such a position is low, so that (001) contributes very little energy 
to the left hand edge of spot 1. At —20° across the model would 
have to be set at 0° along in order to be able to diffract to the 
right hand edge of spot 1. The probability of a given crystal 
fragment occupying such a position outside the preferred range 
is extremely low, so that (001) contributes almost nothing to 
the right hand edge of spot 1. This then explains the low in- 


tensity of spot 1. Between +29° and +45° across the (001) 
plane can diffract to the entire range of spot 2, but again re- 
quires an angle of 0° along. In this case as before the pro}ability 
of a crystal fragment occupying such a position outside the 
preferred range is extremely low so that the (001) plane con- 


tributes very little to spot 2. This explains the very low in- 
tensity of this spot. 
{311}. This family has 12 sets of planes, only 3 of which can 
diffract in_the preferred ranges. 
(113). This plane can diffract to the pattern in both 


preferred ranges. When at —42° across and at +30° along the 
beam will be diffracted to the left hand edge of spot 1, while at 


—20° across and +25° along the beam will go to the right hand 
edge of this spot, thus accounting for the entire spot. At +29° 
across and +25° along the beam will strike the pattern at the 
left hand edge of spot 3 and at +45° across and +25° along it 
goes to the right hand edge of spot 3. This range then accounts 
for all of spot 3. 

(113). This plane can diffract only in the positive 
across range. At +29° across and —20° along this plane will 
diffract the beam to the left of the center of spot 2. The in- 
tensity will be low because the diffracting angle is at the edge of 
the along range. At +45° across and at —2° along, the beam 
strikes the right hand end of spot 2, with the intensity still 
very low. _ 

(113). This plane can diffract only in the negative 
across range. At —42° across and +2° along, the beam will 
be diffracted to the left hand edge of spot 2. At —20° across 
and +2° along the beam diffracts to the right hand edge of the 
center spot. The intensity will be low all the way across the spot. 

{331}. There are 12 of these planes, only 6 of which can 
show any diffraction whatever within the preferred ranges. 

(331). This plane can only diffract in the positive 
across range. At +45° across and +15° along this plane will 
diffract the beam to the right hand edge of spot 1. On approach- 
ing the other end of this range the plane ceases to difiract at 
+32° across because at smaller angles than this the diffracting 
angle would require us to exceed the limiting angle of +35° along. 

(331) can diffract to the film in the negative across 
range. At an angle of —42° across and 0° along this plane would 
diffract to the left hand edge of spot 4, but the intensity would 
be extremely low because the crystal fragments would have to 
lie outside the along range. At —20° across and +18° along 
this plane diffracts to the extreme right hand edge of spot 4. 
The along angle now insures good intensity. a 

(313) can diffract to the film only in the positive range. 
At +29° across and +25° along it diffracts to the left hand edge 
of spot 2. At +45° across and +25° along the beam will be 
diffracted to the right hand end of spot 2. ; 

(313) can diffract to the film only in the negative range. 
At —42° across and —20° along the beam diffracts to the left 
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hand edge of spot 3 with good intensity. 
At the other end of the range, —20° 
across and —18° along, the beam goes 
to the right hand edge of spot 3, thus 
accounting for the entire spot. 

(133) can diffract to the film 
only in the positive range. At +29° 
across and —19° along the beam is 
diffracted to the left hand edge of spot 
9, with good intensity. At +45° 
across and —20° along the beam goes 
to the right hand edge of spot 2. 

(133) can diffract only in the 
negative range. At —42° across and 
495° along the beam is diffracted to 
the left hand edge of spot 3, with good 
intensity. At the other end of the 
range, —20° across and +28° along, 
the beam goes to the right hand edge 
ot spot o. 

310). This family has 12 sets of 
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planes, only 4 of which can diffract in _—_ 
the ranges of orientation given above. 

(102) can diffract in both the 
negative and positive ranges. At —42° 
across, an angle exceeding the limit of 
+35° along would be necessary for 
diffraction, but at -—40° across and 
+35° along it starts diffracting and 


the beam goes to the left hand end of 

spot 1. At —20° across and +30° along the beam goes to 
the right hand end of spot 1. At +29° across and +26° along 
the plane diffracts to the left hand edge of spot 3 with good in- 
y, while at the other end of the range, +45° across and 


along the beam goes to the right hand edge of spot 3 
still with good intensity. 
(102) can diffract in both negative and positive ranges. 


A 12° across and —20° along the beam will be diffracted to 
th t hand edge of spot 2 with good intensity, while at —20° 
a ind —15° along it goes to the right hand edge of spot 2. 
\t +29° across and —10° along the beam will be diffracted to 


t hand edge of spot 4 with good intensity. At + 45° 
u ind —8° along the diffracted beam will go to the right 
hand edge of the spot with good intensity. 

(012). This plane can diffract in both positive and 
negative ranges. At —42° across and —10° along the beam 
difiracts to the left hand edge of spot 1 with good intensity. 
At —20° across and —18° along the beam goes to the right hand 


edge of spot 1. At +29° across and +15° along the beam will 
be diffracted to the left hand edge of spot 3 with good intensity. 
At +45° across and +15° along the beam goes to the right hand 
edge of this spot. 


_ (012). This plane diffracts in both the positive and 
negative ranges. At —42° across and +28° along, the beam 
is diffracted to the left hand edge of spot 2 with good intensity. 
At —20° across and +28° along, the beam goes to the right hand 
edge of spot 2 with good intensity. At +29° across and +30° 
along the beam diffracts to the left hand edge of spot 4 with 
good intensity. On rotating toward the other end of the range 
diffraction stops at +-42° across, because beyond this point the 
diffracting angle requires an along angle beyond the limit of 
preferred orientation. At this setting the beam strikes the 
right hand edge of spot 4 with good intensity. 

211}. There are 12 sets of planes in this family, only 4 of 
which can diffract in the preferred ranges. 

(112) can diffract to film only in the negative across 
range. At —42° across and +12° along, this plane diffracts 
to the center of a 2 with good intensity, while at —20° across 
and +2° along, the beam is diffracted to the end of spot 3. The 
unit cell is here at the end of both its along and across ranges, 
so the number of crystal fragments will be low. Therefore, 
the line will dwindle to a low intensity at this end. 

..o 12) can diffract only in the positive range. At 
+29" across and +10° along the beam is diffracted to the left 
end of spot 2, with good intensity, while at +45° across and 
+7" along, the beam goes to the right hand edge of spot 2 with 
good intensity. 

., _ 211) can diffract only in the negative range. At 
~—42° across and —20° along, the beam diffracts to the left 
edge of spot 3 with good intensity. At —20° across and —14° 
along, the beam diffracts to the right hand edge of spot 3 with 
good intensity. 

, . (121) can diffract only in the positive range. At 
+29° across and —5° along, this plane diffracts to the left hand 
edge of spot 1 with good intensity. At +45° across and —18° 

ong, the beam is diffracted to the right hand edge of spot 1 
with good intensity. 

_ {511}. This family will not be considered because its diffrac- 
oy is superimposed on that from the {111} in its third order. 
‘ is probably very faint as the ring has exactly the same 


Fig. 5.—‘‘Reflection”’’ type 
of diffraction pattern taken 
along the direction of roll- 
ing on sample 11 of alumi- 
num, which had had ten 
passes through the rolls 
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appearance as that due to the second order from {111}. 
Proof will now be given that the range of preferred positions 
given above which were used to account for the pattern taken 
across the direction of rolling on Sample 11, will also account for 
the patterns taken along the direction of rolling on this sample. 
{311}. Of the 12 planes in this family there are 2 which can 
diffract in the preferred range of orientation positions. The 
diffraction of these two planes will be discussed in turn. 

(131). This plane can diffract between +22° along 
and +35° along when set at the —42° limit of the across range, 
and can diffract to spot 1 between these limits. The intensity 
of diffraction will be low because it requires the crystal fragment 
to be located at the end of its across range. 

(113). This is the plane which established the limits 
of the range around the along axis because, if it had been allowed 
an unlimited rotation about the along axis, it could have been 
diffracted to the portions of the film where no diffraction was 
recorded. At —25° along and —38° across, this plane diffracts 
to the left hand side of spot 1. At —2° along and —30° across 
its diffracted beam goes to the right hand side of spot 1. At 
+2° along and —30° across it diffracts to the left hand side of 
spot 2 and at +35° along and —38° across, it strikes the right 
hand side of spot 2. 

{111}. There is only one plane of this family that approaches 
a diffraction angle. The (111) plane can diffract at a point 5° 
in excess of the +45° across limit, over the entire range in the 
along direction covering a complete are on the pattern. A 
few stray (111) planes are probably responsible for the very 
faint continuous {111} (2) ring. 

{100}. There is no plane of this family which can diffract 
in the orientation range specified. If the (010) plane is set at 
+46° across, (a point 3° beyond the limit in this direction), 
and at +24° along it can diffract to the very faint right hand end 
of the {100} (2) spot. The fact that this plane can only diffract 
when placed outside the preferred range explains the faintness 
of this spot as compared with the remainder of the pattern. The 
(100) plane can also diffract at +48° across at angles between 
0° and +24° along and accounts for both the position and the 
low intensity of the very faint left hand spot on this ring. 

{331}. There are 12 planes in this family, only 4 of which 
can possibly diffract an X-ray beam impinging in the along 
direction. 

(313). At +35° along and +29° across this plane 
diffracts the X-ray beam to the right hand end of spot 1, but 
the beam will be of low intensity, because the crystal fragment 
is at the edge of its range in both directions. On going to the 
other limit of —25° along and -+-32° across, this plane diffracts 
to the left hand edge of spot 1. The spot on the pattern shows 
no breaks corresponding to the +2° and —2° limits of the along 
range, because another plane (133) is also diffracting to this spot. 

(331). At —25° along and —30° across this sens 
diffracts to the left hand edge of spot 2 and stops diffracting 
at —3° along and —42° across, at which point it is diffracting 
to the right hand edge of spot 2. It cannot diffract at all in 
the positive side of the along range. 

(133). At —25° along and +24° across this plane 
diffracts to the right hand edge of spot 1 with poor intensity, 
while at —2° along and +29° across the beam goes just to the 
left hand edge of spot 2, still with poor intensity. At +2° 
along and +29° across the beam goes to the left hand edge of 
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cannot be rotated about its Z-axis 
so that the across face diagonal jg 
more than 4° from the across axis, 
since it was found by trial that 
rotation of more than 4° made jt 
impossible to fulfill the above eop. 
ditions. 

The interpretation of the patterns 
of the other samples of this rolling 
series (Table 2) of aluminum was 
carried out in exactly the same 
manner as that described above. 
Table 3 lists the angular limits of 


the orientation ranges shown by 
each sample of the series.* 
2. Nickel and Copper. The dif- 


fraction patterns of the correspond- 
ing samples of nickel and copper 











Fig. 6.—‘‘Reflection’’ type of dif- 
fraction pattern taken across the 
direction of rolling on sample 2 of 
nickel, which had had one pass 
through the rolls 


spot 2, while at +35° along and +45° across it goes to the right 
hand edge of spot 2. In this range, then, this plane diffracts 
to all of spot 2 with fair intensity. 
(133). At +35° along and 
diffracted to the right hand edge of spot 1. 


—30° across the beam is 
The diffraction 


cannot occur at a smaller angle than +7° along and —42° 
across. At this point it goes to the left hand of the edge of the 


tail of spot 1. This plane explains the tailing off of this spot. 
On the right hand edge of the spot it can diffract with good 
intensity, because the crystallites in the center of the preferred 
range are diffracting from this plane; on the left hand edge of 
the spot it will be very low in intensity, because the crystal 
fragment must be right on the edge of the preferred range in 
both directions. 

{210}. This family consists of 12 sets of planes, 5 of which 
can diffract in the aleng direction. 

(012) At —25° along and 
will diffract to the left hand edge of spot 1. At —2° along and 
—38° across, the beam would go to the right end of spot 1. At 
the left end of spot 1, the intensity will be low, because the 
crystal fragments will have to be at the —42° limit, but the 
beam will get stronger toward the right end. At —2° along 
and —35° across the beam will diffract to the left hand end of 
the dim part of spot 2, while at —25° along and —35° across, 
the beam will be at the junction of spots 2 and 3. 

(012). Diffraction will first occur on the negative 
end of the along range at —12° aleng and —42° across, and the 
beam will strike the left end of spot 1. At —3° along and —35° 
across, the beam goes to the right end of spot 1. At +2° along 
and —40° across, the beam goes to the left end of the weak part 
of spot 2. At +35° along and —32° across the beam goes to 
the right end of spot 2. 

(102). At —25° along and —35° across, the plane 
will diffract to the left end of spot 2, while at —2° along and 
—30° across it diffracts to the right end of spot 2. At +2° 
along and —30° across, the beam goes to the left end of spot 3, 
while at +25° along and —42° across the beam goes to the right 
end of spot 3. 

(201). At —25° along and +45° across this plane 
will diffract to the left end of spot 1, while at +36° along and 
+30° across, the beam will be diffracted to the right hand edge 
of spot 1. The spot shows no break in intensity corresponding 
to the gap in the along range between —2° and +2°, because 
of the diffraction of another plane, (012), to this point. 

(021). At —25° along and +29° across, the beam 
will diffract to the left end of spot 3. At —4° along and +35° 
across, the beam goes to the right hand end of spot 3. At +2° 
along and +35° acress it goes to the right hand end of spot 3, 
while diffraction can occur only to +18° along and +45° across 
where it strikes the right end of spot 3. 


—42° across, this plane 


We have, therefore, accounted for the positions and intensi- 
ties of all the spots on the films taken in both the along and the 
across directions of Sample 11; we have accounted for the 
absence of absent arcs on both films; and we have shown that 
this orientation range will give no spots not recorded on the 


films. 


Further, we have conclusive evidence that the cube 
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are identical in every respect, except 
for the differences in the radii of the 
diffraction arcs, due to the different 
lattice parameters of the two metals, 
The diffraction patterns from the 
nickel and copper samples listed in 
Table 2 show a progressive change 
from one sample to the next as the number of passes through 
the rolls is increased. This change is indicated by a pro- 
gressive decrease in the intensity of the {111} (2) diffrae- 
tion ring on the patterns made with the X-rays impinging 
along the direction of rolling. A comparison of Fig. 6 with 
Fig. 8 illustrates this change. No other change can be de- 
tected in the patterns made with X-rays impinging along the 
direction of rolling. The patterns made with the X-rays im- 
pinging across the direction of rolling, show a progressive 
change in four diffraction ares. The central section of the 
{111} (2) are shows a progressive decrease in intensity with an 
increase in the number of passes through the rolls, while the 
two end sections show a corresponding increase in intensity. 
The ends of the {100} (2) arc fade out leaving this ring with 
definite ends which are not formed by the shadow of the speci- 
men. The {211} arc and the {311} are show the appearance 
of two regions of progressively increasing intensity on either 
side of the central section. These changes in the cases of both 
nickel and copper are progressive changes in the intensities of 
the regions and not in their limits. The limits of the altered 
portions of each are are unchanged by the number of passes 
through the rolls. These changes can be seen by comparing 
Figs. 7 and 9. 
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Table 3.—Orientation Ranges Measured in Aluminum* 
(Samples Listed im Table 2) 


Orientation Ranges Around 
the Along Axis (Angle be- 
tween the original position 
of KL of Fig. 3 in the surface 
of the sheet and its limiting 
position when the crystal is 
rotated about MN as an axis) 


Orientation Ranges Around 

the Across Axis (Angle be- 

tween surface of sheet and 
line MN of Fig. 3) 


Sample No. 
See Table 2 


2 From +22° to +38° From —24° to —33° 
3 From +22° to +38° From +14° to —16° 
4 From +20° to +38° From —20° to —38° 
5 From +12° to +38° From —16° to —26° 
6 From + 8° to +38° From +10° to —26° 
7 From + 8° to +30° From —12° to —24° 
8 From +24° to +44° From 0° to —12° 
9 { From +12° to +34° From +14° to —18° 
From —14° to —38° 
10 From +22° to +38° From + 4° to +18° 
From —18° to —28° From — 4° to —34° 
ll From +29° to +45° From + 4° to +35° 
{ From —20° to —42° { From — 4° to —25° 


rhe explanation of nomenclature and signs, see text, Section IV, 
part b. 


——— 
———— 








* Our results have not been expressed in terms of the pole figures since 
they have been derived for 2 directions only. In order to make any 
figure valid it would have been necessary to have taken and interpr 
many more diffraction patterns with other orientations of our specimen 
sheets. This would have increased the already great labor of interpretation 
of films without contributing very much toward our main objective, namely, ® 
decision as to whether or not valence electrons affect orientation. 
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These progressive changes indicate 
that in nickel and copper more and 
more of the crystal fragments are 
rolled into the preferred range as the 
number of passes through the rolls 
is increased. The first pass serves 
to crush the crystal grains, but pro- 
duces little orientation, as is demon- 
strated by the continuous rings of 
Figs. 6 and 7. The preferred orien- 
tation begins to show only very 
eradually as the number of passes 
through the rolls is increased. From 
the pass after which the noticeable 
orientation first began to take place, 
to the last pass which the samples 
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were given, no alteration occurred 

in the angular limits of the preferred 

range. Successive passes through ce } 

the rolls did, however, increase the s - a 

percentage of crystal fragments lying Mcitiuk tote titer tke 110 Si O02) 210 

in the preferred range of orientation. the direction of rolling on 7 

Almost complete preferment of orien- sample 2 of nickel which had \\\k2) DoO\ 2\\ 
tation was obtained after the last had one pass through the rolls 

pass through the rolls. To deter- 


n what this preferred condition was and to measure its 
angular limits, it was only necessary to study the diffraction 


pi ns which had had the greatest number of passes through 
tl lls, i. e., two similar to those shown in Figs. 8 and 9. 
was done, using exactly the same modification of the 
m if Davey, Nitchie and Fuller that has already been 
de d above for the determination of orientation in alumi- 
ni The interpretation of the diffraction patterns of the 
rolled samples of nickel and copper (Figs. 7 and 8) demon- 
strated the presence of a single range of preferred positions, 
which was symmetrical with respect to the surface of the foil. 
This symmetrical preferred range in nickel and copper can be 
visualized as follows: Consider for purposes of reference the 
ul ice centered cubic cell in a crystal fragment in the sur- 
fa the rolled sheet of metal, with its cube face parallel to 
the surface of the sheet and with its face diagonal parallel to 
the direction of rolling. Using the across face diagonal as an 


axis, allow this unit cell to rotate until the along face diagonal 
makes an angle of not more than 38° above or below the 
direction of rolling. Now allow the unit cell to rotate about 
the along face diagonal, so that it makes an angle of not more 
than 45° above or below the across axis. Any position within 
this range of positions is within the limits of the preferred 
orientation found here. 

To express this range of orientation in the convention of 

terms and signs used with aluminum, we can say that the unit 
cube may have a rotation of 38° about the across axis and a 
rotation of 45° about the along axis. 
_ The families of planes which have the possibility of diffract- 
ing to the film will be considered in the order of increasing 
radius beginning with the diffraction ring of smallest radius 
recorded on the film. A glance at Figs. 7 and 8 shows this to 
be the {110} family. 


:110}. There are 6 sets of planes in this family. Of these 
planes the (101), (101), (011) and (011) can diffract in both the 
along and the across directions and account for continuous arcs on 
both patterns. 

311}. There are 12 possible sets of planes in this family. 
Of these 12 sets, only the (113), (113), (113) and the (113) can 
diffract in the preferred range of positions. A consideration 
of their diffraction shows them to account for continuous ares 
on both the across and the along pattern. 

i111}. There are 4 sets of planes in this family. The (111) 
plane accounts for the left hand spot on the {111} (2) are of 
the across film. When the model is at the end of its positive 
across range, +38°, this plane diffracts to the right hand edge 
of this spot, at 9m the face diagonal of the (001) plane is 
within an angle of 4° of the rolling direction. When at the other 
end of its range, —38° across, this plane diffracts to a point 





below the shadow of the specimen off the left end of this spot. 
Nowhere within the preferred range of positions can this plane 
diffract in the along direction. 

The (111) plane accounts for the right hand spot of 
the {111} (2) are on the across film. When the cube is at the 
negative end of its range, —38° across, this plane diffracts to 
the left hand edge of this spot. When at the positive end of 
its preferred range, +38° across, this plane diffracts to a point 
below the shadow of the specimen on the right hand end of the 
arc. This plane cannot diffract to the along film anywhere 
within the preferred range. 

The (111) plane can diffract both in the across and in 
the along direction when the cube is at the positive end of its 
along range, +45°. When in this position a rotation, through 
the preferred range, about the across axis, will allow the crystal 
to diffract to the {111} (2) are on the across pattern, even in 
the center which fades out almost completely with continued 
rolling. The position necessary for this plane to diffract is 
one on the extreme edge of the preferred range around the 
along axis. Since continued rolling makes the central portion 
of the across ring increasingly fainter, it is evident that the 
rolling is decreasing the probability of a crystal fragment being 
in a position such that this plane can diffract. This is in agree- 
ment with the fact that in order that the (111) plane may diffract 
at all, the erystal fragment must occupy such a position that 
its unit cell is at a +45° along position, i. e., at the very edge 
of the preferred range. In this position this plane can also 
diffract to the along pattern, at the center of the {111} (2) are. 
This are becomes very faint with continued rolling. The same 
explanation of the decrease in intensity applies here that was 
given for the center of this arc on the across film. When the 
unit cube is moved to smaller positive along angles, the condition 
of diffraction for this plane in the along direction becomes in- 
creasingly harder to fulfill, until in the median position it can 
no longer diffract at all. 

a The (111) behaves in exactly the same way as the 
(111) plane, except that its diffraction takes place at a —45° 
along position, instead of in a +45° along position. 

{100}. There are 3 possible sets of (100) planes. Only one 
of these 3 sets, (001), can diffract in the preferred range. In 
the across direction in the range between +38° and —38° across, 
this plane sweeps the entire {100} (2) arc, with a setting at 0° 
along. At +38° across, it diffracts to the exact right hand 
limit of this are and at —38° across diffracts to the exact left 
hand edge of the arc. In the along direction the (001) plane 
can diffract over the entire are with an across angle of 0°. The 
extent of the 45° range along is necessary to account for the 
entire are on the along pattern. 

{331}. There are 12 sets of planes in this family, 10 of which 
can diffract in the across direction and 5 of which can diffract 
in the along direction. The {331} are on the across pattern 
shows regions of increased intensity, superimposed on a con- 
tinuous background. The diffraction of each of the 10 planes 
which can diffract in the across direction will be considered in 
detail, in order to explain the positions and intensities of these 
spots. The {331} are on the along film is continuous and is 
uniform in intensity. The difference between these 2 arcs in 
the 2 directions is due to the greater range of positions about 
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beyond the left end of the are With 
the maximum intensity of diffraction 
at the position of the left hand spot 

The (012) behaves in exactly 
the same way, except with the direc. 
tions reversed, since it is a symmetrical 
plane to the (012). 

The (102) plane at —3R° 
across diffracts to the middle of the 
left hand spot, while on the other 
end of the range the diffraction goes 
off the right hand end of the are 
The diffraction from this plane wij] 
be fairly strong, because the cube jg 
near the center of the preferred range 
around the along direction. 

The (102) plane at —gge 
across diffracts beyond the left hand 
of the arc, while at +38° across jt 
diffracts just to the left of the right 
hand spot. 
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aoe ee et a of We have, then, accounted for the 
iffraction pattern taken : : os a 

across the direction of rolling 0 Si UNA) 351 21 a ee i the spots 
on sample 12 of nickel, which and arcs of the action patterns 


had had eleven passes through 
the rolls 


the along axis. This can be seen at once in the following treat 
ment of the diffraction of these planes in the across direction, 
if limits of 45° are substituted for those of 38°. 

The (331) plane accounts for a short sector on the left 
hand end of the {331} arc, but will give very weak diffraction, 
since the cube must be near the end of its along range for it to 
diffract. The same is true of the (331) plane except that it 
accounts for a sector on the right hand end of the arc. 

The (313) plane at +38° across diffracts to the right 
hand edge of the left hand spot, and on the other end of the 
across range it goes off the left hand end of the are. 

The (313) plane at +38° across diffracts to the right 
hand edge of the arc. On the —38° end of the across range, it 
diffracts to the left hand edge of the left hand spot. 

(313) will sweep the entire are between the limits of 
= 38° across, but will diffract very weakly due to being near 
the edge of the range around the along axis. 

The (313) plane diffracts to the center of the are at 
—38° across, but the diffraction will be weak due to the large 
angle about the along axis. As the positive end of the range is 
approached, the diffraction will increase until it reaches a maxi- 
mum at the right hand spot. The intensity then decreases as 
it nears the +38° across limit, at which point it diffracts to a 
point below the lower left hand edge of the pattern. 

Due to its being symmetrical to (313) the (133) plane 
behaves in the same manner, except with its directions on the 
pattern reversed. 

The (133) plane at +38° along diffracts to the center 
of the arc, while at —38° along its diffraction is beyond the 
left hand end of the are. Its diffraction reaches a maximum at 
the right hand side of the left hand spot. 

The (133) plane will diffract very weakly, because its 
diffracting position requires that the crystal fragment be near 
the edge of the along range. Its diffraction will include the 
right hand half of this arc. 

The (133) plane will likewise diffract very weakly 
and will include the nght hand half of this arc. 

{210}. This family includes 12 planes, 8 of which can diffract 
in both the across and along direction. The arcs produced on 
the across and the along patterns bear the same relation to each 
other as that of the two {331} arcs and the along {210} is con- 
tinuous for exactly the same reason. To show that the orienta- 
tion range selected accounts for the spots on this arc on the 
across film, the diffraction of each plane which can get into a 
diffracting position will be traced. 

The (210) plane will diffract to the right hand limit 
of the right hand spot at the —38° end of its across range. At 
the +38° end of its across range it diffracts beyond the right 
hand end of the arc, so that this plane will account for the 
right hand segment of the arc to the right of the right hand 
spot. 
sy The (021) plane at —38° across, diffracts beyond the 
left hand end of the are and on the +38° end of the across range 
diffracts to the left hand edge of the right hand spot, thus ac- 
counting for the segment of the arc to the left of the right hand 
spot, and showing maximum diffraction at the position of the 
left hand spot. 

The (012) plane at +38° across, diffracts to the right 
hand edge of the right hand spot while at —38° across it diffracts 





for both the along and the across 

patterns and have shown that this 

orientation can produce no other dif- 
fraction patterns other than those obtained. We can gay 
that this one preferred orientation range explains the dif- 
fraction patterns from both nickel and copper and that the 
range of preferred positions in these two metals is indepen- 
dent of the number of passes through the rolls. The 
probability that the crystal fragment is in the preferred 
range of positions is, with our technique, dependent on 
the number of passes up to about eight. By the end of the 
eighth pass, the probability that the crystal fragment occu- 
pies the preferred range is extremely high. Further passes 
through the rolls result in but little increase in the preferment 
of orientation. 

3. Silver. The work that was done on silver has already 
been published, *’ and will be discussed here only sufficiently to 
enable the data to be readily correlated with that on aluminum 
nickel and copper. The diffraction patterns of the samples of 
rolled silver listed in Table 2, made with the X-rays imping- 
ing along the direction of rolling, showed the presence of all 
the diffraction ares which can be obtained from silver. Each 
of these was of uniform intensity over the whole length of the 
arc, and showed the same relative intensity as in the standard 
“powder method”’ diffraction pattern of silver, except that the 
ares due to the {111} family appear to be slightly fainter, 
This smooth ‘“continuous are” type of diffraction pattern 
indicates a completely random orientation about the along 
axis. The decreased intensity of the {111} arc is due to the 
limited orientation about the across axis. This limited orien- 
tation permits the {111} planes to acquire the proper angle for 
diffraction to the along patterns only when the crystal frag- 
ment lies near the edges of the across range of the preferred 
positions. Fig. 10 shows an example of this type of diffraction 
pattern, obtained when unfiltered X-rays were diffracted in 
the direction of rolling on Sample 9. 

The patterns made by the diffraction of X-rays across the 
direction of rolling gave diffraction rings showing spots of 
increased intensity superimposed on the continuous ares. 
Fig. 11 shows such a diffraction pattern, thus indicating 4 
decided preferment of orientation, although not a complete 
preferment. 

The interpretation of the diffraction patterns made of rolled 
silver demonstrated the presence of two symmetrical ranges 
of preferred positions. One of these two preferred ranges 
may be visualized as follows: Consider for purposes of ref- 
erence the unit face centered cubic cell in the crystal fragment, 
with its cube face parallel to the surface of the foil and one of 
its face diagonals parallel to the direction of rolling. Using 
the other face diagonal as an axis, rotate the cube until the first 
faee diagonal is not less than 12° nor more than 40° to the di- 
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rection of rolling. The direction of 
rotation is such as to lower the end 
of the face diagonal which points 
in the direction of the end of the 
foil entering the rolls first. Now 
allow the cube to be rotated at ran- 
dom about the first face diagonal 
as an axis. At any point in this 
random rotation of the unit cube, 
the crystal fragment will be within 
the limits of its preferred positions 
ix, silver provided only that the face 
diagonal of the unit ceil makes an 
angle between the limits of +12° 
and +40° with the direction of 
rolling. The other symmetrical ori- 
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entation may be similarly visualized, 
the only difference being that the 
limits of rotation of the first face 
diagonal are —10° and —42°, so 
that the direction of rotation is 
opposite. The differences in the 
angular limits are within experi- the rolls 
ment | error. 

Expressed in the same convention set up for aluminum, 


ni and copper these orientation ranges are ones with ran- 
do ‘ientation about the along axis and with limits between 
+12° and +40° across and between —10° and —42° across. 
(It will be noted that our convention of signs is opposite to 
that used in the original publication on silver.*) 

Separate interpretations were made of each of the diffrac- 
tion patterns of each sample of silver listed in Table 2. The 
res f these interpretations are listed in Table 4, using the 
sal mvention of signs as in the preceding paragraph and as 
out | in the beginning of Section IV, part b. It will be 
noted that these orientations show no definite effects of either 
percentage reduction per pass or absolute reduction per pass. 
With the exception of the first and possibly the second passes 
these orientation ranges are close enough to a mean to suggest 
that the variation between them may be due to slight differ- 
ences in technique and to uncertainties in locating the ends of 
the spots on the diffraction pattern. The average of the 
mean of the positive ranges about the across axis, is within the 


precision of the data, the same as the average of the negative 
ranges about this axis. This shows that the fragments tend 
to assume two orientations which are symmetrical with respect 
to the surface of the sheets. 


V. CORRELATION AND DISCUSSION OF THE DATA 


a. Comparisons of Orientations Found in the Four 
Metals. 

HE orientations found in the four face centered cubic 
‘™ metals, aluminum, nickel, copper and silver are similar 
in that for each of them one face diagonal of the cube always 
lies in a plane which is parallel to the direction of rolling and 
perpendicular to the rolling surface. 

The behavior of nickel and copper is identical in every 
respect. Silver behaves in the same way that these two 
metals do, in that the number of passes through the rolls had 
no effects on the limits of the preferred ranges of positions. 
It is similar to them in that it shows a range of preferred 
positions symmetrical to the surface of the sheet. The pre- 
ferred orientation in silver differs from that in nickel and cop- 
per in that, in silver there are two symmetrical preferred 
ranges about the across axis, with no limitations about the 
along axis, while in nickel and copper there is only one 
symmetrical preferred range of positions about the across axis, 
with symmetrical limits about the along axis as well. 

The behavior of aluminum on cold rolling is different 
from that of the other three metals in almost every respect 
except the general similarity mentioned above. The limits 
of the preferred positions found in aluminum vary on rolling 


diffraction pattern 

along the direction of rolling 

on sample 12 of nickel, which 

had had eleven passes through 33 
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instead of remaining unchanged as in the others. Like silver, 
aluminum shows two ranges of positions about the across 
axis, but unlike silver these ranges are unsymmetrical. 
Aluminum is the only one of the four which shows variable 
limits around the along axis. The orientation about this axis 
is composed of two ranges in some samples and in others of 
only one and in every case the outer limits are unsymmetrical. 


b. Comparison of These Results with Previous Work. 


Several different preferred positions have been found in cold 
rolled face centered cubic metals by different workers. Each 
of these different results will be taken up in turn and compared 
with the results presented here. 

The preferred orientation which has been confirmed by 
most of the experimental work in the literature and which has 
been reported for all of the face centered cubic metals is one 
in which a [112] direction is in the direction of rolling and a 
(110) plane parallel to the surface of the foil. Mark and 
Weissenberg?’:** found this structure in silver, aluminum, gold, 
copper and platinum. Glocker and his co-workers?®.*.4!.32 
found it in silver, copper and aluminum. Tanaka * found it 
in aluminum, as did Norton and Warren.** Dehlinger** found 
it in aluminum, copper, silver, gold and platinum, while 
Eisenhut and Widmann* found it in copper. 


Table 4.—Orientation Ranges Measured in Silver’ 
(Samples Listed in Table 2) 


Orientation Ranges 
Around the Along Axis 
(Angle between the 


— position of KL 


of Fig. 3 in the surface 
Orientation Ranges Around of the sheet and its 
the Across Axis (Angle limiting position when 
Samplef No between surface of sheet and the crystal is rotated 
See Tabie 2 line MN of Fig. 3) about MN as an axis) 
2 From + 7° to +29° Random 
From —13° to —38° — 
From +16° to +46° andom 
om —11° to —42° —_ 
4 rom +14° to +46° Random 
ao —10° to —44° — 
5 rom + 16° to +42° Random 
From re to —40° Oe 
6 From +12° to —40 andom 
From —11° to —44° Rand 
7 From + 8° to +44° andom 
From — 7° to —46° 
s From +14° to +40° Random 
From —13° to —42° ee 
11° 35° 
: Ae The z ras° Tr. 
Average of Positive 
Ranges From +12° to +40° 
Average of Negative 
Ranges From —10° to —42° 


* For explanation of convention of signs, see text, Section IV, part b. 
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This orientation can be com- 
pared most readily with that 
found here by expressing it in 
the same terms. It is a posi- 
tion which is reached by giving 
the unit cube a rotation of 


either a +90° or —90° around Wi 
the across axis, with an accorm- yA 
panying rotation of +30° or J 


—30° about the along axis. 
This orientation has only one 
characteristic in common with 
the range of orientations which 
we have found—it keeps one 
face diagonal of the unit cube 
in a plane which is perpendicu- 


METALS & ALLOYS 





Vol. 2, No. 5 








lar to the surface of the sheet 
and which is parallel to the 
direction of rolling. It is, how- 
ever, clearly outside the range 
for any of the four metals 
studied here, even when one 
uses the closest limits of the 
“scattering” of Mark and 
Weissenberg, namely, 35° on 
each side of an across angle of 
90°. The largest angular rotations about the across axis 
found in our work was +45° in one sample of aluminum and 
+-46° in two samples of silver. Our average was +40° for 
silver and +38° for nickel and copper. 

The second preferred orientation found by Mark and 
Weissenberg, in silver, aluminum, copper, gold and platinum 
has a [100] direction parallel to the rolling direction with a 
scattering of 8° and a (100) plane parallel to the plane of roll- 
ing with a scattering of 40°. This orientation is outside our 
preferred range of orientation, since it has a cube edge in the 
direction of rolling instead of a face diagonal. 

Konobejewski*’ reported a preferred position for nickel 
which is related to the first one discussed. In the position 
which he reports, the (110) plane is in the direction of rolling 
and the [211] direction makes an angle of 8° with the direction 
of rolling. In our terminology this is a position secured by a 
rotation of +90° across and —38° along. Asin the case of the 
first orientation discussed above, it is a somewhat related 
structure, but outside our preferred range of positions. 

Owen and Preston** found an orientation in rolled alumi- 
num which, when expressed in our nomenclature, is one where 
there is a zero rotation about the along axis and a rotation of 
approximately 20° about the across axis. This position falls 
into the preferred ranges measured for aluminum except those 
for the last two of our samples which showed a break in the 
along range between +4°, 

Tanaka found another preferred orientation of aluminum 
in addition to the one described. In this one the (001) planes 
are parallel to the surface of the foil and the [110] direction 
corresponds to the direction of rolling. In our nomenclature 
this is a position in which there is a 0° rotation about the along 
and the across axes. This position is not included in the 
ranges reported here, but is a related structure in that the face 
diagonal is in the direction of rolling. 

The conclusions of Wever and Schmidt*.5.**.*° to the effect 
that the textures of rolled aluminum, copper and silver are 
frequently not duplicated due to slight differences in rolling 
technique, are checked by the present work as far as aluminum 
is concerned and possibly for silver, but certainly not for cop- 
per and nickel. This work has shown that aluminum is much 
more sensitive to slight differences in rolling than any of the 
other metals studied. These authors claim that the struc- 
tures found by Mark and Weissenberg represent a condition of 
incomplete rolling. The present work is not in agreement with 
this claim since even the metal foils with only one pass did 
not show the structures obtained by Mark and Weissenberg. 


through the rolls 





Fig. 10.—‘‘Reflection’’ type \ 
of diffraction pattern taken 100% wf 6 
along the direction of roll- 4 

ing on sample 9 of silver, 
which had had eight passes 
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The probable reason for the difference between the results 
obtained here and those of previous workers lies in the facet 
that our determinations were made on relatively thick sheets 
of metal (0.320 to 0.050 cm.), whereas all the previous 
determinations were made on very thin foils. There is cer- 
tainly reason to expect that a foil of a thickness which can be 
used for transmission patterns will show a different condition 
of orientation than one many times this thick. A very thin 
foil will have an oriented structure clear through its entire 
thickness because all of the metal has been severely cold worked, 
while with our thicker sheets of metal the inner layers are 
subjected to much less strain. This would mean that our 
sheets of metal have an orientation layer on each side of a less 
severely strained central layer. This central layer acts asa 
cushion so that the straining of each surface layer takes place 
from only one side. With the very thin foil the highly oriented 
surface layer extends clear through to the middle, there is 
no cushioning action and the metal is strained clear through 
from both sides. This should result in a different direction of 
metal flow under the rolls for our samples as compared with 
the samples of other workers. We believe that our results can 
be more directly translated into what happens in actual] rolling 
practice. 











c. Significance of Results Presented Here. 


From the metallurgical standpoint the present results are of 
importance since they are the first determinations which have 
been made on preferred orientation in the surfaces of sheets 
of metal thick enough to be of practical use. All previous 
results have been obtained using foil of such thicknesses that 
can have only limited practical application. Preferred 
orientation on metal surfaces is important to the practical 
metallurgist because it is closely tied up with strain hardening 
and bids fair to have great value as an index to the properties 
of cold deformed metal. (See paper by Fuller and Edmonds 
on Preferred Orientations in Zine Surfaces. Sept. 1931 
meeting of the American Institute of Mining & Metallurgical 
Engineers. ) 

From the viewpoint of the physical chemist these results are 
of interest because they give experimental proof that the lat- 
tice forces in nickel and copper are very similar, while those of 
aluminum and silver are different. These differences are 
clearly not tied up with the crystal structure, for all four of 
these metals are face centered cubic. They are not tied up 
with atomic size, for silver and aluminum (which gave widely 
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M N P 
) M + !/s N +s P 

M + '/3 N P + 1/3 
M N +1 P + 1/5 


where M, N and P are any in- 
| tegers. They represent, re- 
| spectively, lengths along the 
three axes of the cube, using 
the length of the cube edge as 
the unit of measure. These 
| coérdinates are the same for all 
| face centered cubic materials, 
and therefore apply te the 
atoms of Ag, Ni, Cu and Al. 
Calculations by J. J. Thomp- 
son*® on the basis of a modified 








| 








Coulomb’s Law of Electrosta- 
tics, show that the ordinary 








Fic. 11.—'*Reflection” t OK mechanical and electrical prop- 
nS eee cannon * Be ive aiip ps erties of face centered cubic 
across the direction of roll- ; , (AB metals can be accounted for if 
ing on sample 9 in silver, - \\fex NOB SUN NO 8 Dive we assume that the ‘“‘atoms” 
which rage apes eight passes 1008 | NB 3316 Worse represented by the above co- 
throws gio 6 OO“a8 ang ordinates are really positively 


diffe: results in our experiments) have lattice parameters 
whi r by only a fraction of a percent. These metals do, 
how: differ in valence. Silver has a valence of one, i.e., 
it i ired as having a single valence electron. Copper 
shov mically a valence of one or two, but prefers two; 
the ent copper forming the most numerous and stable 
con ds.* Apparently it may be pictured as having by 
pre! e, two valence electrons. Nickel shows chemically 
ava of two, and may be pictured as having two valence 
electrons. Aluminum must be pictured as having three 
valence electrons. It is reasonable to suppose that this 
similarity in the number of valence electrons for nickel 
and per should result in similar lattice forces and, there- 
fore, should lead to identical orientations after rolling. 
It is inevitable that metals having one, two or three valence 
electrons should have differences in their lattice forces and 


it is reasonable to assume that these differences would affect 
the preferred orientation of the crystal fragments in the 
rolled sheets. It is this sort of difference which we believe 
we have found. 


It will be interesting to make a few speculations as to what 
these preferred orientations may mean from the standpoint 
of the physical chemistry of the atom. It isnot to be expected 
that the reader will take these speculations as necessarily 
representing reality; it may be too much to expect that he 
will take them as representing even approximate reality. It 
will be sufficient if he is introduced to the germ of a new point 
of view, somewhat different from that usually held, and if he 
finds in this point of view encouragement for undertaking 
some new line of research bearing on the orientation problem. 


_In order to insure clearness of presentation these specula- 

tions will be presented in terms of a definite picture of atomic 
structure which assumes that we can write down fixed co- 
ordinates not only for the mean positions of atomic centers, 
but also for the mean positions of the individual valence 
electrons. This does not limit the generality of such conclu- 
sions as may be drawn, for it has already been shown“ 
that any conclusions as to the ordinary properties of 
materials, based on one type of atomic structure can be 
transferred bodily to any other. 


The codrdinates of the atoms in a face centered cubic lattice 
are: 





* From the menmpotat of physical chemistry this evidence is much more 
eoreti calculations based on specific conductivity. 


Weighty than any t 








charged ions and that the 
valence electrons occupy mean 
positions as follows: 


Valence electrons of a univalent element (such as Ag): 


M + 1/ N+ / P+ %/s 
M + 3/4 N + 3/, P + W/ 
M + 3/4 N + 1/4 P + 3/4 
M + 1/4 N + 3/4 P + %/ 


Valence electrons of bivalent elements (such as Ni or Cu): 


i/, P 4 


+ ‘4 N + T i/, 
M + */s N + */4 P + 1/4 
M + */4 N + 1/4 P + */4 
M + !/4 N + */¢ P +- 3/4 
M + */4 N + */¢ P + 3/4 
M -+ 1/4 N + '/4 P + 4/4 
M + 1/ N + 3/4 P + 1% 
M + *#/¢ N + P + '/4 


Valence electrons of a trivalent element (such as Al): 


M + 1/4 N + 1/4 P + 1/4 
M + */s N + */s P + 1/4 
M + */s N + '/4 P + 4/4 
M + '/4 N + '/4 P + */4 
M + */4 N + */4 P + 3/4 
M + '/4 N + '/ P + */4 
M + '/s N + */ P + '/4 
M + */s N + "/s P + 1/4 
M + '/2 N P 

M N + '/s P 

M N P + 1/2 
M + '/s N + */p P + '/s 


The positions assigned to the valence electrons of a uni- 
valent element such as Ag represent a second face centered 
cube having axes parallel to the face centered cube of Ag* and 
having its origin of coérdinates one-fourth the way along the 
body diagonal of the first. The symmetry of the structure as 
a whole bears marked points of resemblance to that of a face 
centered cube. If such a structure is taken to represent the 
actual structure of silver, it is to be predicted that silver 
would act toward mechanical forces much like the single face 
centered cube assumed in the literature. 


In Ni or Cu, the valence electrons are placed by the co- 
ordinates on two face centered cubic lattices, both having their 
axes parallel to the face centered cube of Nit* (or Cut*). 
One of these electron lattices has its origin one-fourth the way 
along the body diagonal of the Ni** (or Cu**) cube, and the 
other has its origin three-fourths the way along. This second 
face centered cubic lattice of electrons introduces no new 
planes into the crystal which are not already present because 
of the first electron lattice. It is to be expected, therefore, 
that the preferred orientations of Ni and Cu will be identical, 
and will be closely related to those of Ag. Such differences as 
are found experimentally should be due to the additional 
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interatomic forces introduced by the second electron lattice. 
These might be expected to result in narrowing the limits of 
preferred orientation. This is consistent with our experi- 
mental results which show that Ag has a random orientation 
about the along axis, while Ni and Cu show two symmetrically 
situated preferred orientations about the along axis. 

Thomson’s coérdinates for the valence electrons of Al*+**+ 
include not only the eight positions listed under Ni and Cu 
but also four additional positions. If we think of the Al*+*+* 
as taking the place of Na* in NaCl, the third set of valence 
electrons would take the place of Cl~ in the NaCl. This 
introduces a new set of symmetry conditions which were not 
present in the case of Ag, Cu and Ni. Not only do we have 
additional directions for the interatomic forces, but the con- 
figurations of the electrons show new symmetries, which re- 
mind us somewhat of a body centered cube, superimposed on 
the face centered cube of Al***. These symmetries are 
sufficiently complex so that we might even expect Al to show 
preferred orientations which change with very slight changes 
in rolling technique. 

If such a structure is seriously entertained, it is hardly to be 
expected that Al will act like Ag, Ni or Cu under mechanical 
working. Our knowledge of the mechanics of rolling is still 
in too uncertain a state to make it worth while to pursue our 
speculations further. It is sufficient for our present purpose 
to have described a picture of atomic structures which leads 
to the same results as our experimental data, namely that Ni 
or Cu show identical ranges of preferred orientations; that Ag 
shows a closely related preferred orientation; and that Al 
shows preferred orientations which are quite different from Ag, 
Ni and Cu, and which depend upon slight and unavoidable 
variations in even the most careful rolling technique. 

Since these metals all have identical crystal structures, and 
since two of them have, within a fraction of one per cent, the 
same lattice dimensions, it is evident that the differences in 
preferred surface orientations which we have found can not 
be due to either crystal structure or atomic dimensions. 
We have shown that the differences found in preferred 
surface orientations may be accounted for in terms of the 
number of valence electrons of the atoms of these metals. 
We have stated in considerable detail one of the many pos- 
sible pictures of atomic structure in order to enable the reader 
to visualize how the valence electrons of a metal may affect 
its mechanical properties, and we have pointed out that other, 
less arbitrary, atomic pictures must lead to the same result. 
We hope that, whether or not any of these pictures are 
adopted by the reader, the new viewpoint that valence 
electrons affect the properties of rolled metal will encourage 
others to work in this field, 


VI. SUMMARY OF RESULTS 


The preferred ranges of the crystal fragments in the surfaces 
of sheets of aluminum, nickel, copper and silver have been 
determined for a series of samples of each metal, with consecu- 
tively inereasing number of passes chrough the rolls. The 
structures found in these metals were related, but not identical 
except in the case of nickel and copper which were identical in 
every respect. Aluminum was shown to be very sensitive to 
slight differences in rolling treatment. Nickel, copper and 
silver were shown to be comparatively insensitive, showing no 
differences with increasing number of passes through the rolls 
as far as limitation of the orientation ranges were concerned. 
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The Lead-Zinc Eutectic 
(Continued from page 301) 


Using a form of Van’t Hoff’s equation for freezing point 
lowering due to small additions of solute metal to a pure 
metal, the depression is found to be 1225° C. per gram mol of 
solute in 100 g. of solvent.‘ Since there are 65.37 g. of zinc 
per gram mol, and since the depression is 327.4—318.2 = 
9.2° C: 

9.2 AQ g. 


1225 Schau 100 g. solvent 


or 0.49% Zn is required at the eutectic. 
Analysis by microscopic and thermal methods shows a 





slight solubility of zine in lead in the solid state. Thermal 
analysis shows 0.05% Zn in solution at the eutectic tempera- . 
ture. 

‘ Schenck & Dean. Physical Chemistry of the Metals. John Wiley and 
Sons, 1919, page 45. 
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The microscope indicates that zine crystallizes as thin 
plates in the hypo-eutectic alloys. 

Hyper-eutectic alloys are characterized by very large plates 
of primary zine in a eutectic ground mass which is generally 
finer grained than the simple eutectic and which seems to 
have lost much of its zine to the primary zinc plates. Slow 
cooled hyper-eutectic alloys are subject to drastic segrega- 
tion of primary zinc due to gravity. 

The eutectic composition as determined by thermal analysis 
and checked by microscopic analysis, hardness tests, and 
theoretical calculation, was found to be 0.50% Zn—99.50% 
Pb. 

This investigation was undertaken at the suggestion of 
Dr. J. L. Bray, Professor of Metallurgy at Purdue University. 
The writers wish to acknowledge their indebtedness to Dr. 
Bray for his ready counsel and his material assistance in 
some of the analytical work. 
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Endurance of Welded and Unwelded Cast Wrought Materials’ 


BY W. B. BARTELS (Charlottenburg) 
(A Critical Abstract by H. W. Gillett) 


This extended study of the endurance of welded materials, 


wit! . on the properties of the unwelded materials for com- 
pari is of interest not only for the information on welds, 
but lly as a study of accelerated endurance test methods. 

The endurance test specimen used, had a uniform diameter 
of 9.45 mm. (0.375 in.) over a 77 mm. (3 in.) test length. The 
shoul crs were made with a 125 mm. (5 in.) radius. The test 
ba: vere tapered and held as in the R. R. Moore specimen. 

| ecimen was doubly loaded through ball races, as in 
the Moore machine, but instead of the load being applied 
by its, it was applied, in the Schenck machine used, through 
lev: ns and a jockey weight which could be run out on a 
gra ‘d arm while the test was running. The specimen was 
run ‘500 r. p. m. in all tests. 


Over the bearings through which the rotating specimen was 
loade.|, were mounted two dials by which the deflection of the 


test specimen at any load could be measured to '/iwmm. By 
step-\\ise loading of the specimen (first run half an hour without 
loa ith observations of the deflection after 15,000 cycles 
at a en load, stress-deflection curves could be plotted. 

The power used by the motor at each step was also read by a 


precision milliammeter and a special voltmeter. Plots of power 
pee stress could thus be drawn after the method advocated 

y Lehr. 

An iron-constantan thermocouple was clamped tightly to 
the middle of the specimen by a split ring whose edges were 
rounded off. The thermocouple thus rotated with the specimen. 
The two elements were connected to collecting-rings, insulated 
from the specimen. Against these rotating rings were pressed 
brushes carrying the current of the couple to a millivoltmeter. 

Thus three “accelerated” methods of endurance testing, the 
change-in-rate-of deflection, the power consumption, and the 
rise-of-temperature, could be used. The first two gave no great 
difficulty, but the last did, and was especially difficult on ma- 
terials of high thermal conductivity such as aluminum alloys. 

After the accelerated tests were finished, the probable en- 
durance limit was estimated therefrom, and actual endurance 
tests run, first at a load 2 or 3 kg./mm.? (2800 to 4300 Ibs. /in.?) 
above the expected endurance limit, to produce fracture. Other 
Specimens were then run at 1 kg./mm.? (1400 lbs./in.?) lower 
load, until a specimen remained unbroken for 10 million cycles. 

When dealing with welded specimens, a second specimen was 
run to 16 million unbroken as a check. The 10 million figure 
was used for all materials, even the aluminum alloys, though 
such a short run is considered in America entirely inadequate 
to establish the endurance limit on aluminum. 

Cast iron of 3.12% total C, 2.34% graphitic C, 2.65% Si, 
1.057% Mn, 0.37% P, 0.027% 8, 0.06% Cu, was poured in 
25 X 1 in. diameter bars, and specimens taken from the center, 
which showed a tensile strength of 27,000 Ibs./in.*, 192 Brinell. 
The endurance limit was 10,700 Ibs./in.2, The rise-of-tem- 


* Die Dauerfestigkeit un i i 
. igkeit ungeschweisster und geschweisster Guss- und 
Dalry erkstofle. Giesserei Zeitung, Vol. 27, Nov. 15, 1930, pages 607-616, 
m Se + pages 637-645. Dec. 15. 1930, pages 661-669. 36 references. 








perature figures could not be obtained. The power curve showed 
no hint of the endurance limit. The deflection curve was smooth 
(to the abstractor’s eye), but by drawing tangents to the curve 
for 0-6 kg./mm.?, and 8-16 kg./mm.*, Bartels believes that a 
‘“‘rounded-off knee’’ can be shown which indicates the endurance 
limit. 

In welding, the test specimen was machined down so that 
each abutting end was a 45° cone, the ends held in a special 
jig and gas welded with a suitable welding rod. After welding, 
the flame was reduced in size for slow cooling. The welded rod 
was machined down to the regular test bar size. Welding was 
done by experienced aircraft welders. The cast iron welding 
rod used was of 3.4% total C, 3.15% Si, 0.9% Mn, 0.7% P. 
The weld itself analyzed 3.21% total C, 2.18% graphitic C, 
2.69% Si, 0.87% Mn, 0.56% P, 0.05% 8, 0.12% Cu. One 
lot of welded specimens was tested without annealing, another 
after an anneal at 900° C, Both lots showed an endurance 
limit of 8500 Ibs./in.?. The deflection curve for the un-annealed 
specimen is drawn so as to show a knee at the endurance limit, 
but if the curve were drawn to the points instead of as a straight 
line, it would be hard to find the knee. There is no sign of a 
knee in the deflection curve for the annealed specimen and in 
neither lots do the power or temperature curves indicate the 
endurance limit, to the abstractor. 

The next tests on cast iron were made on specimens cast as 
closely to the size of the endurance specimen as possible so as 
to clean up with the casting skin left on. The composition 
of the iron at the surface was 3.35% total C, 2.70% graphitic 
C, 2.58% 8i, 0.99% Mn, 0.42% P, 0.03% 8, 0.08% Cu. The 
center showed the same analysis within analytical error, but 
had 0.75% combined C instead of 0.65%. The endurance 
limit was very high, the endurance ratio being about 75%. 
The unwelded specimens tested without removing any more of 
the skin than was necessary to clean up the specimen, showed 
an endurance limit of 28,500 lbs./in.2 On welding (composition 
of welding rod and of weld not stated, but said to be close to 
that of the specimen), the endurance limit was 25,500 lbs./in.?, 
welded and annealed in the welding flame, 22,800 lbs./in.?, 
and welded and annealed in an electric furnace */,; hour at 
950-1000° C. and slow cooled, 21,500 lbs./in.? On all these, 
the deflection curve gives no clear indication of the endurance 
limit, though in the unwelded specimen there is a slight dis- 
continuity at the endurance limit, but the curve then resumes 
its former course. There are various irregularities in the power 
curve, taken to indicate the formation of slight cracks in the 
surface skin, but it would be impossible to predict the endurance 
limit from the power curves. The temperature curve only 
shows perceptible readings after the load is well past the en- 
durance limit. 

The fractures of the welded specimens were within the weld 
or at its ends. It is not clear why the welded specimens in this 
series of tests (skin on) should be so much stronger than in the 
previous series, since the fact that the bar itself has its casting 
ekin cannot affect the weld. 
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314 METALS & ALLOYS 


In a series of tests on “pure’’ silumin and “cupro” silumin, 
materials of the following composition were used: 
8i, % Cu, % Fe, % Al 
10.25 0.50 0.24 Bal. 
0.46 0.70 = 


10.14 
10.49 1.45 0.62 m 
0.77 75 


9.80 1.03 


Pure Silumin 
Welding rod for P.S. 
Cupro Silumin 
Welding rod for C.S8. 


The method of plotting the deflection curve used by Bartels 
for these tests draws a straight line from zero load to 4 kg./mm.?, 
and another from 8 or 10 to 12 kg./mm.* Where these inter- 
sect is assumed to be the endurance limit. In general, the 2 
kg./mm.* point is off the line, and that for 6 (and often for 8) 
kg./mm.? is very far off. The abstractor can see no justification 
whatever for believing that the deflection curves tell anything 
about the endurance limit. Ordinarily no temperature curves 
were obtainable at all. In some cases, the power curve shows 
no increase in power required over that taken by the unloaded 
specimen until stresses are reached that are higher than that 
taken as the endurance limit. 

Bartels manages to assume an endurance limit on the basis 
of his interpretation for the deflection or power curves, but does 
not come out very well in his comparison with actual endurance 
tests. On unwelded pure silumin, he takes 7800 lbs./in.? as 
the endurance limit, and ran one bar at 8500, but it broke in 
92,000 cycles. No tests are given at lower stresses. On pure 
silumin welded, he admits that two specimens tested by the 
accelerated methods did not check. He interprets one as 
showing 10,000, the other as 11,400 lbs./in.2 Only one set of 
values is plotted, and actual endurance tests broke early from 
flaws. 

Another test was made on specimens with two welds instead 
of one. Even Bartels couldn’t make the deflection curve indicate 
anything on this, but the power curve shows a real knee 
at 12,100 lbs./in.? Specimens run at this load withstood 
10 million cycles. The stress was then raised to 15,000 lbs. /in.?, 
and each of two specimens lasted about 12 million cycles, at 
this increased stress, before fracture. 

Cupro silumin unwelded, broke after 11'/. million cycles at 
10,000 lbs./in.? The deflection curve is interpreted by Bartels 
This material 


to show an endurance limit at 9300 Ibs./in.? 
welded with pure silumin is alleged to show an endurance limit 
of 11,400 lbs./in.*, but a specimen actually run at this stress, 


broke after 261,000 cycles. Three welded specimens, annealed 
in the welding flame, broke in the lathe on machining down the 
weld. 

The abstractor cannot accept either the “accelerated” or 
the regular endurance tests, run to so few cycles, as giving any 
real information on the endurance properties of these aluminum 
alloys. 

Soft steels were tested as follows: 


Cc Si Mn P 8 Cu 
A 0.07 0.01 0.56 0.10 0.06 0.02 
B 0.04 0.02 0.52 0.05 0.04 0.08 
Welding rod for both 


0.04 0.02 0.51 06.06 0.04 0.10 
Endurance limits were, A, 40,000 lbs./in.*, B, 36,500 Ibs./in.* 
In the accelerated tests, the deflection curve shows a weak knee 
around the endurance limit, the power curve does not show a 
break till a higher stress is reached. With A, the temperature 
curve might be taken as showing a fairly concordant figure, 


Prop. Limit Yield Point 


but not with B. Steel A welded, shows 34,000 lbs./in.? en. 
durance limit, while B shows 31,500 lbs./in.? 

The welded and annealed (10 min. in the welding flame) 
steel A had 33,500 lbs./in.? endurance limit. On this, the power 
curve was so smooth that no guess as to an endurance limit 
could be made from it, while in the welded and unannealed, 
it turned up very sharply, though only at a stress above the 
endurance limit. In both, the deflection curves show a weak 
knee at the endurance limit, but the temperature curves are of 
no value in finding it. 

Commercial aluminum (99.4, with 0.2% Cu) gave a life of 
10 million cycles at 8500 Ibs./in.*, and on highly polished specj- 
mens, 10,000 lbs./in.? The power curve shows a clear break 
but this comes at 14,200 lbs./in.2? The deflection curve Me 
drawn to agree with the 10 million cycle endurance limit only 
by entirely disregarding the point at 8500 lbs./in.? ; 

‘When welded with 98.6% Al containing 0.7% Cu, the welds 
had very low strength. After welding and hammering, the 
welds stood 10 million cycles at 8500 Ibs./in.? 

Copper of 99.62% purity, welded with 99.97%, was studied. 
The temperature and power curves on unwelded specimens 
allowed no estimate of the endurance limit. The deflection 
curve showed a knee at 12,000 lbs./in.? A regular endurance 
test bar was stopped unbroken at that stress after 12 million 
cycles. 

Welded and hammered, and welded, hammered and annealed 
copper gave endurance limits (on the basis of 12 million cycles 
unbroken) of about 5500 and 6500 lbs./in.*, respectively. The 
temperature and power curves again showed no consistent rela- 
tion to the long-time test. The deflection curves as plotted 
show knees around the endurance limits indicated by the long- 
time tests, but if the observed points were followed in drawing 
the curves instead of drawing two straight lines, the exact 
location of the knee would be none too plain. 

With a knowledge of the actual endurance limit, it is possible 
to look at any set of curves taken by the various accelerated 
methods, and figure out that some one of them might be inter- 
preted as indicating the endurance limit. But if one decides 
on a general method of locating the endurance limit from the 
short time curves, and applies this without knowing the answer, 
decidedly poor results will be obtained. It is especially interest- 
ing to note that the power curves taken after the Lehr method 
are of so little value. That the rise of temperature method is 
useless, is now generally realized. The deflection method 
is usually also dismissed as useless, while the Lehr method is 
normally considered more promising. But Bartels’ data shows 
the Lehr method to be even less promising than the deflection 
method. 

Micrographs are shown of the structure of many of the various 
specimens tested. 

Repeated impact tests were made on 10, 15 or 30 mm. diam- 
eter specimens, having the diameter reduced by 2 mm. by & 
round notch. Instead of turning the specimen 180° between 
blows, 25 blows were applied during each revolution of the 
specimen. The weight of the tup was 2,3 or4kg. The height 
of fall and the number of blows per minute are not stated, 
Curves are given for results with various tups. The results of 
tests with the 2 kg. tup on the 10 mm. diameter bar, follow: 
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Repeated 
Impact, 


No. of blows 


Endurance 
Limit, 

Ibs. /in.** 
11,500 
8,500 
8,500 
28,500 
25,500 


Tensile 
Strength, Elongation, 

Ibs./in.? % Brinell 

27 ,000 ji 192 

10,000 ay 192 

38,500 ‘e 212 

33,500 iS 212 
9,500 19,500 in 592 
5,800 6,5008 ws 58? 
10,500 16,500 3 81/2 
7,000 10,500* a 58? 

30,000 37,000 65,500 25 143 
Ditto, welded 21,500 28,500 50,500 7 143 
Ditto, welded and annealed ee er Pry i ‘ae 
Aluminum, unweided 12,500 15,000 17,500 O'/s 27? 
Ditto, welded 5,500 8,500 13,500 Q 272 
Ditto, welded and annealed ais OF ey ba ap 
Copper, unwelded 22,500 35,500 39,000 O1/s 68? 
Ditto, welded 9,000 11,000 17,500 71/2 68? 
Ditto, welded and annealed a8 he oF exe - wee 
* Note that the endurance limits of the non-ferrous metals and alloys are on the basis of only about 10 million cycles. 
1 Unbroken. 


2 10 mm. ball, 1000 ke. pressure. ; . 
* Discrepancy—tensile strength of welded specimens below endurance limit. 


0.001% 
Extension, 
Ibs./in.? 
8,600 
8,300 


14,000 
13,700 
4,500 
2,800 
5,500 
4,000 


0.02% 

Extension, 
Material Ibs./in.? 

Cast iron, without skin, unwelded Fi i 6 
Ditto, welded 
Ditto, welded and annealed 
Cast iron, with skin, unwelded 
Ditto, welded 
Ditto, welded and annealed 
Silumin, unwelded 
Ditto, welded 
Ditto, welded and annealed 
Cupro Silumin, unwelded 
Ditto, welded 
Ditto, welded and annealed 
Soft Steel A, unwelded 
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